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tion. 

ACTION:  Proposed  rule. 

SUMMARY:  The  Federal  Energy  Al- 
ministration  hereby  proposes  to  amend 
its  regulations  in  order  to  prescribe  test 
procedures  for  furnaces  under  the  En¬ 
ergy  Policy  and  Conservation  Act.  The 
Act  requires  that  standard  methods  for 
testing  furnaces  be  prescribed  as  part 
of  the  energy  conservation  program  for 
appliances.  The  intended  effect  of  this 
proposal  is  to  implement  the  Act’s  re¬ 
quirements  for  the  solicitation  of  public 
comments  before  the  test  procedures  are 
prescribed. 

DATES:  Comments  by  September  27, 
1977,  4:30  p.m.;  requests  to  speak  by 
September  22,  1977,  4:30  p.m.;  state¬ 
ments  by  September  27,  1977,  4:30  p.m.; 
hearing  to  be  held  on  October  4,  1977, 
at  9:30  a.m. 

ADDRESSES:  Requests  to  speak  at  the 
hearing  to:  Executive  Communications, 
Room  3317,  Federal  Energy  Administra¬ 
tion,  Box  NX,  Washington,  D.C.  20461. 

Comments  to:  Executive  Communica¬ 
tions,  Room  3317,  Federal  Energy  Ad¬ 
ministration,  Washington,  D.C.  20461. 

HEARING  HELD  AT:  Federal  Energy 
Administration,  Federal  Building,  Room 
3000A,  12th  and  Pennsylvania  Avenue 
NW.,  Washington,  D.C.  20461. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

James  A.  Smith  (Program  Office) ,  Old 
Post  Office  Building,  Room  307,  12th 
and  Pennsylvania  Avenue  NW.,  Wash¬ 
ington,  D.C.  20461,  202-566-4635. 
Robert  C.  Gilette  (Hearing  Proce¬ 
dures),  2000  M  Street  NW.,  Room 
222A,  Washington,  D.C.  20461,  202- 
566-5201. 

Jim  Mema  (Media  Relations) ,  12th 
and  Pennsylvania  Avenue  NW.,  Room 
3104,  Washington,  D.C.  20461,  202- 
566-9833. 

Robert  D.  R.  de  Sugny  (Office  of  the 
General  Counsel),  12th  and  Pennsyl¬ 
vania  Avenue  NW.,  Room  7146,  Wash¬ 
ington,  D.C.  20461,  202-566-9750. 

SUPPLEMENTARY  INFORMATION: 
A.  Background 

The  Federal  Energy  Administration 
(FEA)  proposes  to  amend  Chapter  II 
of  Title  10,  Code  of  Federal  Regulations, 
in  order  to  prescribe  test  procedures  for 
furnaces  pursuant  to  section  323  (42 
U.S.C.  6293)  of  the  Energy  Policy  and 
Conservation  Act  (Act)  (Pub.  L.  94-163) . 
The  adoption  of  test  procedures  does  not 
mean  that  actual  testing  must  be  con¬ 
ducted.  The  procedures  merely  establish 
standard  methods  for  testing  when  test- 
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ing  is  otherwise  required  by  the  Act  it¬ 
self  or  by  regulations  implementing 
other  parts  of  the  program.  For  example, 
the  Federal  Trade  Commission  (FTC) 
may  require  that  all  or  part  of  the  test 
procedure  be  conducted  in  exercising  its 
appliance  energy  efficiency  labelling  au¬ 
thority  regarding  a  particular  appliance 
type. 

By  notice  issued  May  10,  1976  (41  FR 
19977,  May  14,  1976),  FEA  proposed  to 
establish  Part  430,  entitled  “Energy  Con¬ 
servation  Program  for  Appliances,”  in 
Chapter  n  of  Title  10  of  the  Code  of  Fed¬ 
eral  Regulations.  That  notice  proposed  a 
Subpart  A  to  Part  430,  containing  gen¬ 
eral  program  provisions,  and  a  Subpart 
C,  containing  proposed  energy  efficiency 
improvement  targets.  By  notice  issued 
July  22,  1976  (41  FR  31237,  July  27, 

1976) ,  FEA  proposed  an  amendment  to 
proposed  Part  430  to  add  a  Subpart  B 
which  would  contain  the  appliance  test 
procedures  required  to  be  prescribed  by 
section  323  of  the  Act.  Subparts  A  and 
B  were  established  by  notice  issued  on 
May  24,  1977  (42  FR  27896,  June  1,  1977) . 
A  notice  was  issued  July  8,  1977  (42  FTt 
36648,  July  15,  1977)  withdrawing  the 
original  proposal  of  Subpart  C  and  re- 
proposing  a  new  Subpart  C  containing 
proposed  energy  efficiency  improvement 
targets  for  the  products  listed  in  1-10 
of  section  322(a)  of  the  Act.  Proposed 
energy  efficiency  improvement  targets 
for  the  products  listed  in  11-13  of  sec¬ 
tion  322(a)  of  the  Act  will  be  issued  at 
a  later  date. 

The  notice  issued  on  May  24,  1977,  in¬ 
cluded  final  test  procedures  for  room  air 
conditioners.  By  notice  issued  March  17, 
1977  (42  FR  15423,  March  22,  1977)  FEA 
proposed  test  procedures  for  dish¬ 
washers.  This  noticp  also  included  cer¬ 
tain  program  definitions  which  have  not 
yet  been  finalized.  Proposed  test  pro¬ 
cedures  for  water  heaters,  television  re¬ 
ceivers,  refrigerators  and  refrigerator- 
freezers,  freezers  and  clothes  dryers  were 
issued  on  April  21,  1977  (42  FR  21576 
et  seq.,  April  27,  1977).  Proposed  test 
procedures  for  unvented  home  heating 
equipment  were  issued  on  May  4,  1977 
(42  FR  23860,  May  11,  1977),  and  pro¬ 
posed  test  procedures  for  automatic  and 
semi-automatic  clothes  washers  were  is¬ 
sued  on  May  11,  1977  (42  FR  25329, 
May  17, 1977) ,  including  a  determination 
that  test  procedures  cannot  be  developed 
for  any  other  class  of  clothes  washers. 
Proposed  test  procedures  for  humidifiers 
and  dehumidifiers  were  issued  on  May 
25,  1977  (42  FR  27941,  et  seq.  June  1, 

1977)  .  Proposed  test  procedures  for  cen¬ 
tral  air  conditioners  wrere  issued  on  June 
7,  1977  (42  FR  30401,  June  14,  1977) ,  and 
were  followed  by  proposed  test  pro¬ 
cedures  for  conventional  ranges,  cooking 
tops  and  ovens,  including  microwave 
ovens,  which  were  issued  on  June  9,  1977 
(42  FR  30627,  June  16,  1977).  The  latter 
notice  included  a  determination  to  delay 
the  publication  of  test  procedures  for  any 
other  class  of  the  type  “kitchen  ranges 
and  ovens.”  By  this  notice,  FEA  is  pro¬ 
posing  test  procedures  for  furnaces. 

Section  323(a)(2)  of  the  Act  requires 
FEA  to  direct  the  National  Bureau  of 
Standards  (NBS)  to  develop,  for  specifi¬ 


cally  named  types  of  covered  products, 
test  procedures  for  the  determination 
of  the  estimated  annual  operating  costs 
and  at  least  one  other  useful  measure 
of  energy  consumption  which  FEA  de¬ 
termines  is  likely  to  assist  consumers  in 
making  purchasing  decisions.  Pursuant 
to  the  Act,  FEA  directed  NBS  to  develop 
test  procedures  for  FEA's  use  in  pre¬ 
scribing  test  procedures  under  the  Act. 

As  part  of  this  undertaking,  NBS  eval¬ 
uated  existing  test  procedures  for  meas¬ 
uring  energy  consumption  of  furnaces. 

Current  testing  and  rating  require¬ 
ments  for  furnaces  are  described  in  a 
number  of  standards,  including:  ANSI 
Z21.47-1973  for  gas  fueled  gravity  and 
forced  air  central  furnaces:  ANSI  Z91.1- 
1972  for  oil  fueled  air  central  furnaces: 

ARI  280-74  for  electric  furnaces  and 
boilers:  ANSI  Z21. 13-1974  for  gas  fueled 
boilers;  and  the  Hydronic  Institute's 
“Testing  and  Rating  Standard  for  Cast 
Iron  and  Steel  Heating  Boilers”  for  oil 
fueled  boilers.  These  standards  measure 
the  steady  state  efficiency  of  furnaces 
but  do  not  account  for  any  part  load  or 
seasonal  performance  effects.  In  order 
to  estimate  the  seasonal  efficiency  and 
annual  operating  cost  of  fossil  fuel  heat¬ 
ing  systems,  it  is  necessary  to  account 
for  the  various  heating  system  losses 
under  cyclic  or  part  load  operating  con¬ 
ditions  and  for  the  effect  of  combustion 
and  draft  control  air  on  infiltration.  The 
test  procedures  and  calculation  methods 
formulated  by  NBS  and  proposed  herein 
today,  utilize  portions  of  the  industry 
standards  described  above  while  also  ac¬ 
counting  for  these  factors. 

Under  the  requirements  of  section  32 
of  the  Federal  Energy  Administration 
Act  of  1974  (15  U.S.C.  761  et.  seq.),  as 
amended  by  section  9  of  the  Federal  En¬ 
ergy  Administration  Authorization  Act 
of  1977  (Pub.  L.  95-70) ,  the  Administra¬ 
tor  must  name  the  organization  which 
promulgated  any  commercial  standards 
which  were  contained  in,  or  authorized 
ards  are  incorporated  in  the  proposed 
rule  in  the  notice  of  rulemaking.  The 
Administrator  is  also  required  to  state 
whether,  in  his  judgement,  the  named 
organization  complied  with  the  require¬ 
ments  of  subsection  (b)  of  section  32. 

As  noted  above,  various  industry  stand¬ 
ards  are  incorporated  in  the  propjosedl 
regulations.  It  is  the  judgement  of  the 
Administrator  that  the  above  named 
standards  did  not  comply  with  the  re¬ 
quirements  of  section  32(b),  in  that  the 
standards  were  not  developed  in  a  man¬ 
ner  which  provided  for  public  partici¬ 
pation,  comment,  and  review.  In  this 
rulemaking,  FEA  is  providing  interested 
persons  an  opportunity  to  comment  on 
the  appropriateness  of  these  standards 
as  used  in  the  furnace  test  procedure. 
Comments  are  specifically  requested  on 
any  specific  changes  the  person  com¬ 
menting  believes  are  necessary  to  make 
the  standards  appropriate  for  the  pur¬ 
poses  of  testing  furnaces. 

Today’s  proposal  adds  to  §  430.2  a 
definition  of  “furnace”  and  amends  the 
definition  in  §  430.2  of  “Basic  model” 
by  adding  a  subparagraph  (14)  apply¬ 
ing  specifically  to  furnaces.  In  addition,  » 
S  430.2  contains  definitions  proposed 
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previously  (42  PR  15423,  March  12, 1977) 
some  of  which  are  applicable  to  the  test 
procedures  for  furnaces.  Comments  on 
these  definitions  are  timely  as  provided 
below. 

B.  Measures  of  Energy  Consumption 

The  Act  requires  FEA  to  prescribe  test 
procedures  for  the  determination  of  esti¬ 
mated  annual  operating  costs  and  at 
least  one  other  useful  measure  of  energy 
consumption  which  the  Administrator 
determines  is  likely  to  assist  consumers 
in  making  purchasing  decisions.  The 
estimated  annual  operating  cost  for  fur¬ 
naces  in  proposed  §  430.22(n)  is  the 
product  of  the  average  annual  energy 
consumption  of  the  furnace  and  the 
representative  average  unit  cost  of 
energy. 

NBS  has  developed  a  method  of  cal¬ 
culating  a  typical  annual  cost  of  opera¬ 
tion  for  furnaces  which  takes  into  ac¬ 
count  the  annual  fuel  utilization  effi¬ 
ciency,  the  heating  load  hours,  the  resi¬ 
dence  design  heat  loss,  the  auxiliary 
electrical  energy  used  by  forced  air  fur¬ 
nace  blower  motors,  or  boiler  water 
pumps,  powered  burner  motors,  and  the 
pilot  input  rate  if  applicable. 

Also  proposed  in  §  430.22(n)  are  test 
procedures  regarding  the  estimated  an¬ 
nual  operating  cost  by  geographic  region 
of  the  United  States,  since  energy  con¬ 
sumption  and  annual  operating  cost  of 
furnaces  are  directly  related  to  geo¬ 
graphic  location.  Annual  cost  of  opera¬ 
tion  by  geographic  location  may  be  use¬ 
ful  for  consumers  in  making  purchasing 
decisions  with  respect  to  furnaces  in  ad¬ 
dition  to  the  single  national  average 
value  applicable  to  any  specific  unit 
under  proposed  §  430.22(n).  Also  pro¬ 
posed  in  §  430.22(n)  are  test  procedures 
for  calculating  annual  operating  costs 
for  several  standardized  design  heating 
requirements  for  each  region  in  order  to 
facilitate  the  comparison  of  operating 
costs  of  different  size  furnaces  and  com¬ 
parison  with  heat  pumps. 

The  proposed  test  procedures  for  re¬ 
gional  costs  incorporate  a  map  of  the 
continental  United  States  with  regional 
“heating  load  hours”  for  adjusting  the 
representative  average  use  cycle  (typical 
annual  usage)  of  furnaces  by  geographic 
location.  These  regional  values  of  “heat¬ 
ing  load  hours”  are  based  on  the  average 
number  of  degree  days  and  the  outdoor 
design  temperature  for  each  region. 

An  additional  proposed  measure  of 
energy  consumption  in  §  430.22 (n)  that 
is  likely  to  assist  consumers  in  making 
purchasing  decisions  is  the  fuel  utiliza¬ 
tion  efficiency.  This  efficiency  is  the  ratio 
of  the  furnace’s  annual  output  of  useful 
energy  to  the  annual  fuel  energy  input 
of  the  furnace  multiplied  by  100.  The 
test  procedures  are  designed  to  measure 
the  fuel  utilization  efficiency  at  a  part¬ 
load  operating  condition  in  order  to  ac¬ 
count  for  both  on -cycle  energy  losses  and 
off -cycle  energy  losses.  Both  types  of 
losses  can  be  influenced  by  furnace  de¬ 
sign  characteristics  and  features. 

On -cycle  losses  include: 

(1)  Energy  contained  In  the  combustion 
gases  which  are  discharged  outdoors  through 
the  flue; 


(2)  The  loss  of  heated  room  air  used  for 
combustion  at  the  burner  and  for  dilution 
of  hot  combustion  gases  through  the  draft 
hood,  integral  draft  diverter,  or  barometric 
draft  regulator. 

Off -cycle  losses  include: 

(3)  The  loss  of  heat  stored  In  the  metal 
of  the  furnace  heat  exchanger  when  the 
burner  and  circulating  warm  air  blower  shuts 
off. 

(4)  The  loss  of  heated  room  air  which  es¬ 
capes  through  the  open  furnace  stack  to  the 
outdoors; 

(5)  Fuel  input  to  a  continuously  burning 
gas  pilot. 

FEA  recognizes  that  there  may  be  ad¬ 
ditional  useful  measures  of  energy  con¬ 
sumption  for  furnaces  other  than  the 
measures  described  above.  According, 
today’s  proposal,  in  proposed  §  430.22(n) , 
provides  for  the  addition  of  other  useful 
measures  which  the  Administration  de¬ 
termines  are  likely  to  assist  consumers 
in  making  purchasing  decisions.  These 
measures,  however,  must  be  derived  from 
the  application  of  the  uniform  test  meth¬ 
ods  proposed  today  as  Appendix  N  to 
Subpart  B.  Furnace  manufacturers 
would,  if  required,  only  have  to  perform 
different  computations  with  the  data 
generated  by  the  existing  test  methods 
contained  in  Appendix  N. 

C.  Laboratory  Methodology 

The  proposed  test  procedures  are 
based  upon  the  heat  loss  method  in 
which  the  sensible  and  latent  heat  losses 
through  the  stack  are  determined.  Since 
these  losses  will  depend  upon  such  fac¬ 
tors  as  load,  cycling  rate,  chimney 
height,  over  sizing,  the  type  of  draft  con¬ 
trol  device,  the  infiltration  characteris¬ 
tics  of  a  residence  and  weather  profile, 
it  is  desirable  to  measure  in  the  labora¬ 
tory,  quantities  which  characterize  the 
performance  of  a  furnace  under  stand¬ 
ardized  laboratory  test  conditions  and 
then  to  calculate  its  performance  under 
typical  field  conditions.  This  has  the  ad¬ 
vantage  of  simplifying  the  amount  of 
experimental  laboratory  data  required 
and  thereby  reducing  the  costs  of 
testing. 

The  test  procedures  require  measure¬ 
ment  of  the  steady-state  performance  of 
a  furnace  in  order  to  calculate  a  steady- 
state  efficiency.  For  furnaces  without 
integral  draft  diverters,  this  is  accom¬ 
plished  by  measurng  the  steady-state 
flue  gas  temperature  and  the  concentra¬ 
tion  by  volume  of  carbon  dioxide  in  the 
flue  gas.  For  furnaces  utilizing  integral 
draft  diverters,  the  steady-state  per¬ 
formance  is  determined  by  measuring 
the  steady-state  stack  gas  temperature 
and  the  concentration  by  volume  of  car¬ 
bon  dioxide  in  the  dry  stack  gas.  This 
latter  method  is  employed  because  of  the 
difficulty  in  accurately  measuring  flue 
gas  temperatures  and  concentrations  of 
carbon  dioxide  in  units  with  integral 
draft  diverters. 

The  test  procedures  account  for  cyclic 
effects  by  measuring  flue  gas  tempera¬ 
tures  during  warm-up  from  a  cold  start 
and  cool-down  from  steady-state  opera¬ 
tion.  As  noted  above,  actual  flue  gas 
temperature  measurements  on  furnaces 
with  integral  draft  diverters  are  difficult 


to  make,  however,  for  purposes  of  ac¬ 
counting  for  transient  effects,  it  was  de¬ 
termined  that  flue  gas  temperatures 
could  be  measured  by  blocking  the  draft 
diverter  relief  opening,  replacing  the  5- 
foot  stack  with  a  2-foot  length  of  flue 
pipe,  and  measuring  the  temperature 
and  CO>  concentration  of  the  flue  gas. 
The  flue  gas  temperature  profiles  are 
determined  by  making  two  discrete  flue 
gas  temperature  measurements  during 
warm-up  and  three  discrete  measure¬ 
ments  during  cool-down.  The  use  of  dis¬ 
crete  warm-up  and  cool-down  tempera¬ 
ture  measurements  reduces  the  amount 
of  data  required  and  greatly  simplifies 
the  process  of  data  reduction.  The  times 
at  which  these  discrete  flue  gas  temper¬ 
ature  measurements  are  made  were 
chosen  to  minimize  the  errors  involved 
in  calculating  the  on-cycle  losses.  As  a 
result,  different  sets  of  times  are  recom¬ 
mended  for  furnaces  and  low  pressure 
steam  and  hot  water  boilers. 

In  addition  to  the  above  mentioned 
tests,  certain  factors,  which  describe  the 
flow  rates  through  the  flue  and  stack 
during  the  on  and  off -periods,  are  as¬ 
signed  according  to  the  type  of  equip¬ 
ment  under  test.  The  factor  S/F,  which  is 
the  ratio  of  stack  gas  mass  flow  rate  to 
flue  gas  mass  flow  rate  under  steady- 
state  operation  and  at  an  average  out¬ 
door  temperature  of  42F  (5.560 ,  is  used 
to  estimate  the  infiltration  losses  during 
both  the  on  and  off -cycles.  By  assigning 
values  which  are  based  upon  field  data, 
the  need  to  simulate  field  conditions  in 
the  laboratory  (eg.  a  high  chimney,  a 
low  outdoor  temperature,  a  typical  baro¬ 
metric  damper  setting,  etc.)  is  avoided. 
A  factor  Df  represents  the  ratio  of  the 
gas  mass  flow  rate  through  the  flue  dur¬ 
ing  the  off-cycle  to  the  gas  mass  flow 
rate  through  the  flue  during  the  on-cycle 
at  identical  temperatures.  A  similar 
quantity,  Ds,  is  the  ratio  of  the  stack  gas 
mass  flow  rates  during  the  on-period  to 
the  stack  gas  mass  flow  rate  during  the 
off -period  at  identical  temperatures.  The 
values  of  Df  and  Ds  depend  upon  wheth¬ 
er  the  system  being  tested  employs  a 
stack  damper  and/or  a  power  burner.  If 
a  unit  is  equipped  with  a  stack  damper, 
its  effectiveness  is  determined  by  meas¬ 
uring  the  amount  of  stack  area  which  the 
damper  blocks  during  the  off-cycle.  Fur¬ 
naces  or  low  pressure  steam  and  hot 
water  boilers  using  power  burners  may 
employ  an  assigned  power  burner  fac¬ 
tor  of  Z)i»=0.30  or  measure  Dp  directly 
by  employing  a  tracer  gas  to  determine 
the  mass  flow  rate  in  the  flue  while  the 
power  burner  is  off. 

Wherever  possible  the  test  methods 
recommended  herein  have  been  based 
upon  existing  consensus  standards  and 
procedures  presently  employed  by  manu¬ 
facturers  to  evaluate  the  performance  of 
central  heating  equipment.  This  was 
done  to  reduce  the  amount  of  duplicate 
testing  required  and  to  obtain  a  set  of 
performance  tests  which  would  be  with¬ 
in  the  capabilities  of  the  entire  fumaee 
industry. 

A  step-by-step  calculation  procedure 
for  determing  fuel  utilization  efficiency 
based  upon  an  average  U.S.  weather  pat- 
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tern  is  given  in  §§4.1  and  4.2  for  gas 
and  oil-fueled  central  heating  equipment. 
A  worksheet  is  illustrated  which  may  be 
used  to  keep  track  of  the  experimental 
data  and  the  various  step-by-step  cal¬ 
culations.  This  efficiency  factor  is  used 
to  estimate  the  annual  cost  of  operation 
in  different  climatic  regions  and  an  aver¬ 
age  operating  cost  for  the  country.  The 
technical  background,  assumptions  and 
equations  which  form  the  basis  for  the 
fuel  utilization  efficiency  calculation  and 
annual  operating  cost  calculation  are 
contained  in  Appendix  A  of  the  NBS  test 
procedure  review  document. 

Assigned  values  of  the  factors  S/F,  Dr 
and/or  Ds  are  given  in  Tables  1  and  2. 
The  factor  <f>  is  the  fraction  of  combus¬ 
tion  and  draft  control  air  which  contrib¬ 
utes  to  additional  residential  infiltration 
and  is  assumed  to  equal  $.70  for  furnaces 
and  low  pressure  steam  and  hot  water 
boilers  using  indoor  air.  The  quantity  (1 


+  a)  is  the  ratio  of  the  furnace  steady- 
state  output  to  the  design  heating  re¬ 
quirement  of  a  typical  residence  and  is 
set  equal  to  1.70  for  the  purpose  of  cal¬ 
culating  a  fuel  utilization  efficiency  and 
an  average  national  operating  cost. 

The  steady-state  latent  and  sensible 
heat  losses  and  the  steady-state  effici¬ 
ency  if,,,  are  also  calculated  in  section  4.2. 
The  flue-gas  and  stack-gas  temperature 
profiles,  corresponding  to  warm-up  from 
a  cold  start  and  cool-down  from  steady- 
state  operation,  are  then  approximated 
by  simple  experimental  functions  having 
the  form 

"Vr 

<  a.  e  +  b  )  • 

The  parameters  in  these  functions 
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are  determined  from  the  warm-up,  cool¬ 
down  and  steady-state  flue  temperature 
measurements  and  are  corrected  for  the 
effect  of  cycling  to  obtain  the  flue-gas 
and  stack-gas  temperature-vs-time  pro¬ 
files  which  would  exist  if  the  unit  were 
operating  in  the  field  at  a  heating  load 
factor  equal  to  22.5  percent.  For  out¬ 
door  units  or  units  designed  to  use  out¬ 
door  air  for  combustion  and  draft  con¬ 
trol,  a  further  adjustment  to  these  pro¬ 
files  is  made  using  a  correction  factor 

C,  to  account  for  the  fact  that  the  air 
used  for  combustion  has  an  average  tem¬ 
perature  of  42F  (5.560. 

The  flue-gas  and  stack-gas  tempera¬ 
ture-vs-time  profiles  are  employed,  along 
with  the  factors  describing  the  on  and 
and  off -cycle  air  flow  rates,  to  cal¬ 
culate  the  dynamic  system  losses  L, 

and  at  the  average  heat¬ 
ing  load  factor  and  the  average  outdoor 
temperature  of  22.5  percent  and  42F 
(5:560,  respectively.  These  losses,  to¬ 
gether  with  the  latent  heat  loss,  jacket 
loss  on  outdoor  units,  and  the  pilot  light 
loss  during  the  non-heating  season,  are 
then  used  to  calculate  an  annual  fuel 
utilization  efficiency.  EFFYa. 

D.  Representative  Average  Use  Cycle 

Section  323(b)(2)  (42  U.S.C.  6293 

(b)(2))  of  the  Act  provides  that  test 
procedures  for  determining  estimated 
annual  operating  costs  of  any  covered 
product  shall  be  calculated  from  meas¬ 
urements  of  energy  use  in  a  represent¬ 
ative  average-use  cycle  (as  determined 
by  the  Administrator)  and  from  repre¬ 
sentative  average  unit  costs  ( as  provided 
by  the  Administrator)  needed  to  operate 
such  product  during  such  cycle.  FEA  has 
determined  that  the  representative  aver¬ 
age-use  cycle  for  furnaces  is  2,080  heat¬ 
ing  load  hours  per  year.  This  determina¬ 
tion  is  based  upon  an  NBS  recommenda¬ 
tion  to  FEA.  The  NBS  recommendation 
is  included  in  the  NBS  test  procedure 
review  document  which  is  available  for 
inspection  as  provided  for  later  in  this 
notice. 


The  average  use  cycle  of  2,080  heating 
load  hours  for  furnaces  was  derived  in 
an  analysis  performed  by  NBS  which 
considered  outdoor  temperature  data  ex¬ 
tending  over  a  25-year  period  at  loca¬ 
tions  in  each  of  the  48  states  in  the  con¬ 
tinental  United  States  and  the  District 
of  Columbia.  In  addition,  the  number  of 
housing  units  in  each  state  using  gas  or 
oil  as  the  primary  fuel  for  heating,  as 
reported  in  the  1970  U.S.  Census,  was 
also  used  in  the  analysis. 

Using  the  number  of  housing  units  by 
state  as  weighting  factors,  and  the  aver¬ 
age  outdoor  design  temperature  at  each 
location,  a  national  average  outdoor 
design  temperature  was  calculated  to  be 
5°  F.  A  similar  computation  was  per¬ 
formed  using  average  annual  heating 
degree  day  values  for  each  state  result¬ 
ing  in  a  national  average  of  5,200  heat¬ 
ing  degree  days.  The  average  annual 
heating  load  hours  was  then  calculated 
by  multiplying  the  average  number  of 
degree  days  by  24  and  dividing  that  re¬ 
sult  by  the  temperature  difference  be¬ 
tween  65°  F  and  the  average  outdoor 
design  temperature;  the  result  being 
2,080  heating  load  hours  per  year. 

FEA  has  developed  representative  av¬ 
erage  unit  costs  of  energy  needed  to  cal¬ 
culate  the  annual  operating  cost  for  the 
representative  average  use  cycle.  This 
information  wTas  provided  by  notice  is¬ 
sued  July  11,  1977  (42  FR  36549.  July  15. 
1977). 

E.  Number  of  Units  To  Be  Tested 

Proposed  §  430.23(n)  would  provide  for 
sampling  of  each  basic  model  to  be  tested 
when  testing  of  furnaces  is  required  by 
the  Act  or  by  program  regulations  of 
agencies  responsible  for  administering 
the  Act.  This  provision  is  intended  both 
to  provide  an  acceptable  level  of  assur¬ 
ance  that  test  results  are  applicable  to 
any  entire  basic  model  for  which  testing 
is  required  and  to  minimize  the  testing 
burden  on  manufacturers.  FEA  believes 
that  the  sampling  approach  proposed  to¬ 
day  will  enable  consumers  to  make 
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meaningful  comparisons  of  information 
appearing  on  appliance  labels,  and  also 
will  meet  the  requirements  of  section 
323(b)  of  the  Act  that  test  procedures 
not  be  unduly  burdensome  to  conduct. 

Under  proposed  §  430.23(n),  a  sample 
of  sufficient  size  of  each  basic  model 
would  be  tested  to  assure  that,  for  each 
measure  of  energy  consumption  de¬ 
scribed  in  §  430.22(n),  there  is  a  95  per¬ 
cent  probability  that  the  mean  of  the 
values  of  these  measures  of  the  sample  is 
within  5  percent  of  the  true  mean  of 
these  measures  of  the  basic  model.  The 
size  of  the  sample  of  a  particular  basic 
model  will  depend  upon  the  following 
factors: 

(1)  The  level  of  confidence  required  (set  at 
95  percent  In  the  proposed  regulations); 

(2)  The  maximum  allowable  difference 
between  the  sample  mean  and  the  mean  of 
the  basic  model  (expressed  In  the  proposal 
as  a  percent  of  the  true  mean  and  set  at  5 
percent);  and 

(3)  The  relationship  of  the  mean  and 
standard  deviation  of  the  basic  model. 

The  relationship  of  the  mean  and 
standard  deviation  of  the  basic  model 
can  be  determined  from  data  available 
to  manufacturers.  With  this  information 
and  using  standard  statistical  techni¬ 
ques,  manufacturers  can  determine  the 
number  of  units  required  to  be  tested. 
In  any  case,  at  least  1  unit  of  each  basic 
model  must  be  tested.  Sample  units  would 
be  selected  randomly  from  the  produc¬ 
tion  stream. 

Manufacturers  and  other  interested 
persons  are  encouraged  to  comment  on 
the  sampling  approach.  Manufacturers 
are  especially  encouraged  to  submit  any 
data  which  relates  to  the  size  of  the 
samples  w’hich  the  provision  would  re¬ 
quire  to  be  tested.  Comments  alleging 
that  the  sampling  provision  is  burden¬ 
some  should  include  a  full  discussion  of 
the  facts  upon  which  such  allegation  is 
based. 

F.  Request  for  Particular  Comments 

While  FEA  is  soliciting  comments  on 
all  aspects  of  the  proposed  test  proce¬ 
dures  for  furnaces,  FEA  is  particularly 
interested  in  receiving  comments  on  the 
following  subjects: 

1.  Other  useful  measures  of  energy -con¬ 
sumption  or  data  on  typical  consumer  usage 
of  furnaces  in  addition  to  those  proposed 
today. 

2.  The  appropriateness  of  incorporating  the 
following  proposed  sections  of  ANSI  Stand¬ 
ards  relating  to  Jacket  losses  of  forced  air 
furnaces  intended  to  be  installed  out-of- 
doors: 

(a)  For  gas  fueled  and  electric  furnaces — 
ANSI  Z  21.47—1973,  55  2.9.1  and  2.9.2 

(b)  For  oil  fueled  furnaces — ANSI  Z  91.1 — 
1972.  Appendix  B 

3.  Definitions  already  promulgated  or  pro¬ 
posed  in  5  430.2  which  may  affect  the  testing 
of  furnaces.  Comments  with  respect  to  such 
definitions  are  timely  until  the  close  of  the 
written  record  as  specified  below. 

G.  Comment  Procedure 

1.  Written  Comment.  Interested  per¬ 
sons  are  invited  to  participate  in  this 
rulemaking  by  submitting  data,  views  or 
arguments  with  respect  to  the  proposed 
test 'procedures  for  furnaces  set  forth  in 
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this  notice  to  Executive  Communica¬ 
tions  ,  Room  3317,  Federal  Energy  Ad¬ 
ministration,  Box  NX,  Washington.  D.C. 
20461. 

Comments  should  be  identified  on  the 
outside  of  the  envelope  and  on  documents 
submitted  to  FEA  with  the  designation 
“FURNACES — Proposed  Test  Proce¬ 
dures.”  Fifteen  copies  should  be  submit¬ 
ted.  All  comments  received  by  Septem¬ 
ber  27,  1977,  before  4:30  p.m.,  e.s.t.,  and 
all  other  relevant  information,  will  be 
considered  by  FEA  before  final  action  is 
taken  on  the  proposed  test  procedures. 

Any  information  or  data  considered 
confidential  by  the  person  furnishing  it 
must  be  so  identified  in  writing,  and  only 
one  copy  of  the  information  need  be 
submitted.  FEA  reserves  the  right  to  de¬ 
termine  the  confidential  status  of  the  in¬ 
formation  or  data  and  treat  it  according 
to  its  determination. 

2.  Public  Hearings,  (a)  Request  proce¬ 
dure.  The  time  and  place  of  the  public 
hearing  are  indicated  at  the  beginning 
of  this  preamble.  The  hearing  will  be 
continued,  if  necessary,  on  October  5, 
1977. 

FEA  invites  any  person  who  has  an  in¬ 
terest  in  the  proposed  rulemaking  issued 
today,  or  who  is  a  representative  of  a 
group  or  class  of  persons  that  has  an 
interest,  to  make  a  written  request  for  an 
opportunity  to  make  an  oral  presenta¬ 
tion.  Such  a  request  should  be  directed 
to  the  address  indicated  at  the  beginning 
of  this  preamble  and  must  be  received 
before  4:30  p.m.,  e.s.t..  on  September  22, 
1977.  Such  a  request  may  be  hand  de¬ 
livered  to  such  address,  between  the 
hours  of  8:00  a.m.  and  4:30  p.m.,  Mon¬ 
day  through  Friday.  A  request  should  be 
labeled  both  on  the  document  and  on  the 
envelope  “FURNACES — Proposed  Test 
Procedures,”  Box  NX. 

The  person  making  the  request  should 
briefly  describe  the  interest  concerned; 
if  appropriate,  state  why  she  or  he  is  a 
proper  representative  of  a  group  or  class 
of  persons  that  has  such  an  interest; 
and  give  a  concise  summary  of  the  pro¬ 
posed  oral  presentation  and  a  telephone 
number  where  she  or  he  may  be  con¬ 
tacted  through  October  4,  1977. 

FEA  will  notify  each  person  selected 
to  appear  at  the  hearing  before  4 : 30  p.m., 
September  26,  1977.  Each  person  selected 
to  be  heard  must  submit  50  copies  of  her 
or  his  statement  to  the  address  and  by 
the  date  given  in  the  beginning  of  this 
preamble.  In  the  event  any  person  wish¬ 
ing  to  testify  cannot  meet  the  50  copy 
requirement,  alternative  arrangements 
can  be  made  with  the  Office  of  Regula¬ 
tions  Management  in  advance  of  the 
hearing  by  so  indicating  in  the  letter  re¬ 
questing  an  oral  presentation  or  by  call¬ 
ing  the  Office  of  Regulations  Manage¬ 
ment  at  202-254-3345. 

(b)  Conduct  of  hearing.  FEA  reserves 
the  right  to  select  the  persons  to  be 
heard  at  this  hearing,  to  schedule  their 
respective  presentations  and  establish 
the  procedures  governing  the  conduct  of 
the  hearing.  The  length  of  each  presen¬ 
tation  may  be  limited,  based  on  the 
number  of  persons  requesting  to  be 
heard. 


An  FEA  official  will  be  designated  to 
preside  at  the  hearing.  This  will  not  be 
a  judicial  or  evidentiary-type  hearing. 
Questions  may  be  asked  only  by  those 
conducting  the  hearing,  and  there  will 
be  no  cross-examination  of  persons  pre¬ 
senting  statements.  Any  decision  made 
by  FEA  with  respect  to  the  subject  mat¬ 
ter  of  the  hearing  will  be  based  on  all 
information  available  to  FEA.  At  the 
conclusion  of  all  initial  oral  statements, 
each  person  who  has  made  an  oral  state¬ 
ment  will  be  given  the  opportunity  if  she 
or  he  so  desires,  to  make  a  rebuttal  state¬ 
ment.  The  rebuttal  statements  will  be 
given  in  the  order  in  which  the  initial 
statements  were  made  and  will  be  sub¬ 
ject  to  time  limitations. 

Any  interested  person  may  submit 
questions  to  be  asked  of  any  person  mak¬ 
ing  a  statement  at  the  hearing  to  Ex¬ 
ecutive  Commuiftcatkms,  Box  NX,  FEA, 
before  4:30  p.m.,  e.s.t.,  September  27, 
1977.  FEA  will  determine  whether  the 
question  is  relevant,  and  whether  the 
time  limitations  permit  it  to  be  pre¬ 
sented  for  answer. 

Any  person  who  makes  an  oral  state¬ 
ment  and  wrho  wishes  to  ask  a  question 
at  the  hearing  may  submit  the  question, 
in  WTiting,  to  the  presiding  officer.  The 
presiding  officer,  will  determine  whether 
the  question  is  relevant,  and  whether 
the  time  limitations  permit  it  to  be  pre¬ 
sented  for  answer. 

Any  further  procedural  rules  needed 
for  the  proper  conduct  of  the  hearing 
will  be  announced  by  the  presiding 
officer. 

A  transcript  of  the  hearing  will  be 
made  and  the  entire  record  of  the  hear¬ 
ing.  including  the  transcript,  will  be 
retained  by  FEA  and  made  available  for 
inspection  at  the  FEA  Freedom  of  In¬ 
formation  Office,  Room  2107,  Federal 
Building,  12th  and  Pennsylvania  Ave¬ 
nue  NW„  Washington.  D.C.,  between  the 
hours  of  8:00  a.m.  and  4:30  pjn..  Man- 
day  through  Friday.  Any  person  may 
purchase  a  copy  of  the  transcript  from 
the  reporter.  A  copy  of  NBS’  recom¬ 
mendations  concerning  test  procedures 
for  FURNACES  will  be  made  available 
for  inspection  at  the  FEA  Freedom  of 
Information  Office. 

H.  Environmental  and  Inflationary 

Review 

As  required  by  section  7(c)  (2 >  of  the 
Federal  Energy  Administration  Act  of 
1974  (Pub.  L.  93-275),  a  copy  of  this 
notice  has  been  submitted  to  the  Ad¬ 
ministrator  of  the  Environmental  Pro¬ 
tection  Agency  for  this  comments  con¬ 
cerning  the  impact  of  this  proposal  on 
the  quality  of  the  environment.  The  Ad¬ 
ministrator  has  no  comments. 

The  National  Environmental  Policy 
Act  of  1969  requires  FEA  to  assess  the 
environmental  impacts  of  any  proposal 
by  the  Agency  for  “major  Federal  ac¬ 
tions  significantly  affecting  the  quality 
of  the  human  environment.”  Since  test 
procedures  under  the  conservation  pro¬ 
gram  for  appliances  will  be  used  only 
to  standardize  the  measurement  of  en¬ 
ergy  usage  and  will  not  affect  the  quan¬ 
tity  or  distribution  of  energy  usage.  FEA 
has  determined  that  the  action  of  pre¬ 


scribing  test  procedures,  by  itself,  will 
not  result  in  any  environmental  impacts. 
On  this  basis,  FEA  has  determined  that, 
with  respect  to  prescribing  test  proce¬ 
dures  under  the  conservation  program 
for  appliances,  no  environmental  impact 
statement  is  required. 

The  proposal  has  been  reviewed  in  ac¬ 
cordance  with  Executive  Order  11821  as 
amended  by  Executive  Order  11949,  and 
OMB  Circular  No.  A- 107  and  has  been 
determined  not  to  be  a  major  proposal 
requiring  evaluation  of  its  economic  im¬ 
pact  as  provided  for  therein. 

(Energy  Policy  and  Conservation  Act,  Pub. 
L.  94-163.  as  amended  by  Pub.  L.  94-385; 
Federal  Energy  Administration  Act  of  1974. 
Pub.  L.  93-275,  as  amended  by  Pub.  L.  94- 
385;  E.O.  11790,  39  FR  23185.) 

In  consideration  of  the  foregoing,  it 
is  proposed  to  amend  Chapter  II  of  Title 
10,  Code  of  Federal  Regulations,  as  set 
forth  below. 


Issued  in  Washington,  D.C.,  July  28. 
1977. 


Eric  J.  F’ygi, 
Acting  General  Counsel, 
Federal  Energy  Administration. 


1.  Section  430.2  is  amended  by  adding 
a  subparagraph  (14)  as  part  of  the  defi¬ 
nition  of  “Basic  model”  and  by  adding 
the  definitions  of  “furnace,”  “forced  air 
central  furnace,”  “gravity  central  fur¬ 
nace,”  “electric  central  furnace,”  “low 
pressure  steam  or  hot  water  boiler,” 
“electric  boiler,”  and  “direct  vent  sys¬ 
tem.”  to  read  as  follows: 

§  430.2  Definition*. 


•  *  •  *  • 

“Basic  model”  means  all  units  of  a 
given  type  of  covered  product  manufac¬ 
tured  by  one  manufacturer  and — 


t  *  *  »  • 

(14)  With  respect  to  furnaces,  having 
the  same  primary  energy  source  and 
essentially  identical  functional  physical 
and  electric  characteristics. 

•  •  •  •  • 

“F’urnace”  means  a  device  designed  to 
be  the  principal  heating  source  for  the 
living  space  of  a  residence  having  a  heat 
input  rate  less  than  400,000  Btu’s  per 
hour,  and  includes  forced  air  central 
furnace,  gravity  central  furnace,  electric 
central  furnace,  electric  boiler,  and  low 
pressure  steam  or  hot  water  boiler. 

“Forced  air  central  furnace”  means  a 
gas  or  oil  burning  furnace  designed  to 
supply  heat  through  a  system  of  ducts 
with  air  as  the  heating  medium.  The  heat 
generated  by  combustion  of  gas  or  oil 
is  transferred  to  the  air  within  a  casing 
by  conduction  through  heat  exchange 
surfaces  and  is  circulated  through  the 
duct  system  by  means  of  a  fan  or  blower. 

“Gravity  central  furnace”  means  a 
gas  fueled  furnace  which  depends  pri¬ 
marily  on  natural  convection  for  circu¬ 
lation  of  heated  air  and  which  is  de¬ 
signed  to  be  used  in  conjunction  with  a 
system  of  ducts. 

“Electric  central  furnace”  means  a 
furnace  designed  to  supply  heat  through 
a  system  of  ducts  with  air  as  the  heating 
medium,  and  in  which  heat  is  generated 

by  one  or  more  electric  resistance  heat- 
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lng  elements  and  the  heated  air  is  circu¬ 
lated  by  means  of  a  fan  or  blower. 

“Direct  vent  system”  means  a  system 
supplied  by  a  manufacturer  which  pro¬ 
vides  outdoor  air  directly  to  a  furnace 
for  combustion  and  draft  relief,  if  the 
unit  is  so  equipped. 

“Electric  boiler’  means  an  electrically 
powered  furnace  designed  to  supply  low 
pressure  steam  or  hot  water  for  space 
heating  application.  A  low  pressure 
steam  boiler  operates  at  or  below  15  psig 
steam  pressure;  a  hot  water  boiler  oper¬ 
ates  at  or  below  160  psig  water  pressure 
and  250°  F  water  temperature. 

“Low  pressure  steam  or  hot  water 
boiler”  means  a  gas  or  oil  burning  fur¬ 
nace  designed  to  supply  low  pressure 
steam  or  hot  water  for  space  heating 
application.  A  low  pressure  steam  boiler 
operates  at  or  below  15  psig  steam  pres¬ 
sure;  a  hot  water  boiler  operates  at  or 
below  160  psig  water  pressure  and  250° 
F  water  temperature. 

2.  Section  430.22  is  amended  by  adding 
paragraph  (n),  to  read  as  follows: 

§  430.22  Test  procedures  for  measures 
of  energy  consumption. 

*  *  *  *  * 

<n)  Furnaces.  (1)  The  estimated  an¬ 
nual  operating  costs  for  furnaces  shall  be 
the  sum  of:  (A)  the  product  of  the  aver¬ 
age  annual  fuel  energy  consumption  in 
Btu’s  per  year  for  gas  or  oil  furnaces 
and  in  kilowatt-hours  per  year  for  elec¬ 
tric  furnaces,  determined  according  to 
4.8  and  4.10  of  Appendix  N  of  this  sub¬ 
part,  respectively,  and  the  representative 
average  unit  cost  in  dollars  per  Btu  for 
gas  or  oil,  or  dollars  per  kilowatt-hour  for 
electric,  as  appropriate,  as  provided  by 
the  Administrator  plus  (B)  the  product 
of  the  average  annual  auxiliary  electric 
energy  consumption  in  kilowatt-hours 
per  year,  determined  according  to  4.9 
of  Appendix  N  of  this  subpart,  and  the 
representative  average  unit  cost  in  dol¬ 
lars  per  kilowatt-hour  as  provided  by  the 
Administrator,  the  resulting  sum  then 
being  rounded  off  to  the  nearest  dollar 
per  year. 

(2)  The  annual  fuel  utilization  effi¬ 
ciency  for  furnaces,  expressed  in  per¬ 
cent,  shall  be  the  ratio  of  annual  output 
of  useful  energy  delivered  to  the  heated 
space  to  the  annual  fuel  energy  input 
to  the  furnace  determined  according  to 
4.2.33  of  Appendix  N  of  this  subpart. 

(3)  The  estimated  regional  annual 
operating  costs  for  furnaces  computed 
for  minimum  or  maximum  standardized 
design  heating  requirements  shall  be  the 
sum  of:  (A)  the  product  of  the  regional 
annual  fuel  energy  consumption  for  the 
minimum  or  maximum  standardized  de¬ 
sign  heating  requirement  in  Btu’s  per 
year  for  gas  or  oil  furnaces  and  in  kilo¬ 
watt-hours  per  year  for  electric  furnaces, 
determined  according  to  4.19,  4.20,  4.23, 
or  4.24,  of  Appendix  N  of  this  subpart, 
respectively,  and  the  reprsentative  aver¬ 
age  unit  cost  in  dollars  per  Btu  for  gas 
or  oil,  or  dollars  per  kilowatt-hour  for 
electric,  as  appropriate,  as  provided  by 
the  Administrator  plus  (B)  the  product 
of  the  regional  annual  auxiliary  electri¬ 
cal  energy  consumption  In  kilowatt- 


hours  per  year  determined  according  to 
4.21  or  4.22  of  Appendix  N  of  this  sub¬ 
part,  and  the  representative  average  unit 
cost  in  dollars  per  kilowatt-hour  as  pro¬ 
vided  by  the  Administrator,  the  resulting 
sum  then  being  rounded  off  to  the  near¬ 
est  dollar  per  year. 

(4)  The  estimated  regional  annual  op¬ 
erating  cost  for  furnaces  shall  be  the 
sum  of:  (A)  the  product  of  the  regional 
annual  fuel  energy  consumption  in  Btu’s 
per  year  for  gas  or  oil  furnaces  and  in 
kilowatt-hours  per  year  for  electric  fur¬ 
naces,  determined  according  to  4.12  and 
4.14  of  Appendik  N  of  this  subpart,  re¬ 
spectively,  and  the  representative  ave¬ 
rage  unit  cost  in  dollars  per  Btu  for  gas 
or  oil,  or  dollars  per  kilowatt-hour  for 
electric,  as  appropriate,  as  provided  by 
the  Administrator  plus  (B)  the  product 
of  the  regional  auxiliary  electrical  en¬ 
ergy  consumption  in  kilowatt-hours  per 
year,  determined  according  to  4.13  of 
appendix  N  of  this  subpart,  and  the  rep¬ 
resentative  average  unit  cost  in  dollars 
per  kilowatt-hour  as  provided  by  the  Ad¬ 
ministrator,  the  resulting  sum  then  being 
rounded  off  to  the  nearest  dollar  per 
year. 

(5)  Other  useful  measures  of  energy 
consumption  for  furnaces  shall  be  those 
measures  of  energy  consumption  which 
the  Administrator  determines  are  likely 
to  assist  consumers  in  making  purchas¬ 
ing  decisions  and  which  are  derived  from 
the  application  of  Appendix  N  of  this 
subpart. 

3.  Section  430.23  is  amended  by  adding 
a  paragraph  (n)  to  read  as  follows: 

§  430.23  I'nils  to  In-  tested. 

*  *  *  *  * 

(n)  Furnaces.  (1)  When  testing  of  fur¬ 
naces  is  required  for  a  measure  or  meas¬ 
ures  of  energy  consumption  described  in 
430 .22  (n)  of  this  subpart,  a  sample  of 
sufficient  size  of  each  basic  model  shall 
be  tested  to  ensure  that,  for  each  such 
measure  of  energy  consumption,  there  is 
a  95  percent  probability  that  the  mean 
of  the  sample  is  within  5  percent  of  the 
true  mean  of  such  measures  of  the  basic 
model,  except  that  a  minimum  of  1  unit 
of  each  basic  model  shall  be  tested. 

(2)  The  sample  selected  for  paragraph 
(n)  (1)  of  this  section  shall  be  a  simple 
random  sample  drawn  from  the  produc¬ 
tion  stream  of  the  basic  model  being 
tested. 

(3)  A  basic  model  having  dual  voltage 
ratings  shall  be  separately  tested  at  each 
design  voltage  such  that  the  require¬ 
ments  of  paragraph  (n)  (1)  of  this  section 
Is  satisfied  at  each  rating. 

*  •  •  •  • 

APPENDIX  N—  Uniform  Test  Method  for 
Measuring  the  Enerov  Consumption  of  Fur¬ 
naces 

1.0  Definitions 

1.1  ‘•Steady-state  conditions  for  forced  air  or  gravity 
central  furnaces”  means  equilibrium  conditions  in  the 
flue  gas  as  indicated  by  temperature  changes  of  uot  more 
than  plus  or  minus  6°  F  (2.8°  C)  in  three  successive 
temperature  readings  taken  15  minutes  apart. 

1.2  “Steady-state  conditions  for  low  pressure  steam 
and  hot  water  boilers”  means  equilibrium  conditions 
during  operation  as  Indicated  by  temperature  changes 
of  not  more  than  5°  F  (2.8°  C)  in  the  flue  gas  temperature, 
and  either  4°  F  (2.2*  C)  in  the  outlet  water  temperature 
for  hot  water  boilers,  or  7°  F  (3.9°  C)  in  the  outlet  steam 


temperature  for  low  pressure  steam  boilers,  in  three 
successive  temperature  readings  taken  15  minutes  apart: 

1.3  “Flue  gases”  means  reaction  products  resulting 
from  the  combustion  of  a  fuel  with  the  oxygen  of  the  air, 
including  the  inerts  and  any  excess  air. 

1.4  ..“Excess  air”  means  air  which  passes  through  the 
combustion  chamber  and  the  furnace  flues  in  excess  of 
t  hat  which  is  theoretically  required  for  complete  combus¬ 
tion. 

1.5  “Flue”  means  a  conduit  between  the  flue  outlet 
of  the  furnace  and  the  draft  hood  or  barometric  draft 
regulator  through  which  the  flue  gases  pass  prior  to  the 
point  of  draft  relief. 

1.6  “Flue  outlet”  means  the  opening  provided  in  a 
furnace  for  the  exhaust  of  the  flue  gases  from  the  com¬ 
bustion  chamber. 

1.7  “  Flue  losses”  means  the  sum  of  sensible  and  latent 
heat  losses  above  room  temperature  (70°  F)  of  the  flue 
gases  leaving  the  furnace. 

1.8  “Stack”  means  the  portion  of  the  exhaust  system 
downstream  of  the  draft  hood  or  barometric  draft, 
regulator. 

1 .9  “Stack  gases”  means  the  flue  gases  combined  with 
dilution  air  that  enters  at  the  draft  hood,  integral  draft 
diverter,  or  barometric  draft  regulator. 

1.10  “Barometric  draft  regulator”  means  a  device 
designed  to  maintain  a  constant  draft  in  a  furnace  or 
boiler. 

1.11  “Air  shutter”  means  an  adjustable  device  for 
varying  the  size  of  the  primary  air  inlet  (s)  to  the  com¬ 
bust  ion  chamber. 

1.12  “Power  burner”  means  a  furnace  burner  which 
supplies  either  gas  or  air  or  both  at  pressures  exceeding, 
for  gas,  tiie  line  pressure,  and  for  air,  atmospheric  pres¬ 
sure.  or  a  burner  which  depends  on  the  draft  induced  by  a 
fan  for  projier  operation. 

1.13  “Vent  limiter”  means  a  device  which  limits  the 
flow  of  air  from  the  atmospheric  diaphragm  chamber  of 
a  gas  pressure  regulator  to  the  atmosphere.  A  vent 
limiter  may  be  a  limiting  orifice  or  other  limiting  device. 

1.14  “Exhaust/air  intake  terminal”  means  a  device 
which  is  located  on  the  outside  of  a  building  and  is  con¬ 
nected  to  a  furnace  by  a  system  of  vents.  It  is  composed  of 
an  air  intake  terminal  through  which  the  air  for  combus¬ 
tion  is  taken  from  the  outside  atmosphere,  and  an  exhaust 
terminal  from  whioh  flue  gases  are  discharged. 

1.15  “Ilealing  element”  means  the  electrical  con¬ 
ducting  medium  which  is  intended  to  be  heated  by  an 
electric  current  and  which  dissi(>ates  this  heat  into  the 
air  stream. 

1.16  “Induced  draft”  means  a  method  of  drawing  air 
into  the  combustion  chamber  by  mechanical  means. 

1.17  “Plenum”  means  an  air  compartment,  that  is 
ai  (ached  to.  or  is  an  integral  part  of,  a  forced  air  furnance 
and  which  is  designed  to  either  distribute  the  heated  air 
after  it  leaves  the  heat  exchanger  in  the  case  of  a  supply 
plenum,  or  collects  the  air  which  enters  the  return  inlet 
in  the  case  of  a  return  plenum. 

1.18  "Heat  input”  (QiJ  means  the  rate  of  energy 
supplied  in  a  fuel  to  a  furnace,  operating  under  steady 
state  conditions,  expressed  in  Btu’s  per  hour.  It  includes 
any  input  energy  to  the  pilot  light  and  is  obtained  by 
multiplying  the  measured  rate  of  fuel  consumption  by 
the  measured  higher  heating  value  of  the  fuel. 

1.19  “Draft  hood”  means  a  device  made  a  part  of  the 
stack  from  a  furnace,  which  is  designed  to  (1)  provide 
for  the  exhaust  Of  the  products  of  combustion  in  the 
event  of  no  draft,  back  draft,  or  stoppage  beyond  the 
draft  hood,  (21  prevent  a  hack  draft  from  entering  the 
furnace,  and  (3)  neutralize  the  effect  of  stack  action  of 
the  chimney  or  gas  vent  upon  the  operation  of  the 
furnace. 

1.20  “Higher  heating  value”  (////V)  means  the  heat 
produced  per  unit  of  fuel  when  complete  combustion 
takes  place  at  constant  pressure  and  the  products  of 
combustion  are  cooled  to  the  initial  temperature  of  the 
fuel  and  air  and  when  the  water  vafior  formed  during 
combustion  is  condensed.  The  higher  heating  value  is 
expressed  in  Btu’s  per  pound,  Btu’s  per  cubic  foot  for 
gaseous  fuel,  or  Btu’s  per  gallon  for  liquid  fuel. 

1.21  “Integral  draft  diverter”  means  a  device  which 
is  an  integral  part  of  a  furnace,  which  is  designed  to  (1) 
provide  for  the  exhaust  of  the  products  of  combustion 
in  the  event  of  no  draft,  back  draft,  or  stoppage  beyond 
the  draft  diverter,  (2)  prevent  a  hack  draft  from  entering 
the  furnace,  (3)  neutralize  the  effect  of  stack  action  of  the 
chimney  or  gas  vent  upon  the  Deration  of  the  furnace, 

2.0  Testing  Conditions 

2.1  Installation  of  Tilt  Plenum,  Duel  Work,  and  Pipint 

2.1.1  Gravity  Central  Furnaces  (Including  Direct  Vent 
Systems) 

Gravity  central  furnaces  shall  be  installed  and 
equipptd  with  a  vertical  supply  test  plenum  or  extended 
casing  and  horizontal  test  ducts  as  described  in  Section 

2.9.1  of  ANSI  Standard  Z21.47-1973. 

2.1.2  Forced  Air  Central  Furnaces  (Including  Direct 
Vent  Systems) 

Gas-fueled  forced  air  central  furnaces  shall  be  equipped 
with  a  plenum  and  test  duct  as  described  in  Sections 
2.1.9  and  2.1.10  of  AN8I  Standard  Z21.47-1978.  Oil  fueled 
forced  air  central  furnaces  shall  be  equipped  with  a 
plenum  and  test  duct  as  described  in  Section  #.2  of 
ANSI  Standard  Z91.1-1972. 
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2.1.3  Low  Pressure  Steam  and  Hot  Water  Boilers 
(Including  Direct  Vent  Systems) 

Install  gas-fueled  low  pressure  steam  and  hot  water 
boilers  as  prescribed  in  Section  2.9  of  ANSI  Standard 
Z21.13,  1974.  Install  oil-fueled  low  pressure  steam  and 
hot  water  boilers  as  prescribed  in  Sections  7.0  and  8.1.1 
through  8.1.3  of  the  Hydronio  Institute  Testing  and 
Rating  Standard  for  Cast  Iron  and  Steel  Heating  Boilers, 
January  1977. 

2.1.4  Electric  Central  Furnaces 

Install  equipment  for  testing  in  accordance  with 
ARI  Standard  280-74,  Section  4  and  Figure  1. 

2.1.5  Electric  Boilers 

Install  equipment  in  accordance  with  manufacturer's 

Instructions. 

2.2  Flue  and  Slack  Requirement* 

2.1.1  Gravity  and  Forced  Air  Central  Furnaces 

2.2.1. 1  Gravity  and  gas  fueled  forced  air  central 
furnaces  employing  integral  draft  diverters. 

For  the  steady  state  performance  test  described  below, 
gravity  and  gas  fueled  forced  air  central  furnaces  employ¬ 
ing  integral  draft  diverters  with  vertically  discharging 
furnace  outlets  shall  have  attached  to  and  vertically 
aliove  the  outlet,  a  stack  having  a  diameter  the  same 
size  as  the  outlet  and  shall  be  covered  with  insulation 
having  an  R  value  of  not  less  than  7  (°F — H  R— Ft’/Btu) 
*and  an  outer  layer  of  aluminium  foil.  The  stack  shall 
extend  npt  less  than  5  feet  nor  more  than  five  feet  six 
inches  above  the  highest  point  of  the  outlet.  Furnaces 
having  a  horizontally  discharging  furnace  outlet  shall 
have  attached  an  insulated  90  degree  elbow,  the  same 
isize  as  the  outlet,  and  sufficient  vertical  insulated  black 
ron  pipe  so  that  the  outlet  is  not  less  than  five  feet  nor 
more  than  five  feet  six  inches  above  the  highest  point 
of  the  furnace  outlet.  The  stack  and  elbow  shall  be 
covered  with  insulation  having  an  R  value  of  not  less 
than  7  (°F— HR— Ft8/Btu)  and  an  outer  layer  of  alumi¬ 
num  foil. 

A  two  foot  long  insulated  flue  pipe  shall  be  used  for  gas 
units  having  vertically  discharging  flue  outlets  in  the 
tests  for  measuring  flue  temperatures  during  warm-up 
and  cool-down.  The  flue  pipe  shall  be  covered  with 
insulation  having  an  R  value  of  not  less  than  7  (°F— HR 
— FtVBtu)  and  an  outer  layer  of  aluminum  foil. 

2. 2.1.2.  Gravity  and  gas  fueled  forced  air  central 
furnaces  which  do  not  employ  integral  draft  diverters. 

Gravity  and  gas  fueled  forced  air  central  furnaces  which 
do  not  employ  integral  draft  diverters  shall  liave  a  two 
foot  long  insulated  flue  pipe  attached  to  the  vertically 
discharging  flue  outlet  for  the  steady  state  test  and  tests 
to  measure  flue  temperatures  during  warm-up  and  cool-# 
down.  For  units  having  a  horizontally  discharging  flue 
outlet,  an  elbow  and  a  two  foot  long  vertical  insulated 
flue  pipe  shall  be  attached  to  the  outlet.  All  insulation 
shall  have  an  Rvalue  not  lees  than  7  (°F— HR— Ft8  Btu) 
and  an  outer  layer  of  aluminum  foil. 

2.2.1.3.  Oil  fueled  forced  air  central  furnaces. 

Flue  connections  for  oil  fueled  forced  air  central  fur¬ 
naces  are  to  be  as  described  in  Figures  1  and  2  of  ANSI 
Standard  7.91 . 1-1972.  There  shall  be  no  opening  on  the  oil 
furnace  between  the  furnace  and  the  point  where  the  flue 
gas  sample  is  to  be  taken  of  the  flue  gas  temperature  is  to 
be  measured.  If  a  barometric  draft  regulator  is  incor¬ 
porated  in  the  furnace,  it  shall  be  sealed  during  all 
tests. 

2.2.2  Low  Pressure  Steam  and  Hot  Water  Boilers  (not 
including  direct  vent  systems) 

Gas  fueled  low  pressure  steam  and  hot  water  boilers 
employing  draft  hoods  shall  have  such  hoods  in  place 
during  all  performance  tests. 

Flue  connections  for  low  pressure  steam  and  hot  water 
boilers  are  described  in  the  Hydronic  Institute  Standard 
“Testing  and  Rating  Standard  for  Cast  Iron  and  Steel 
Heating  Boilers,”  Section  7.2. 

2.2.3  .  Direct  Vent  Systems 

The  exhaust/air  intake  system  supplied  by  the  manu¬ 
facturer  shall  be  in  place  during  all  tests.  A  furnace 
employing  a  direct  vent  system  shall  not  be  connected 
to  a  chimney  or  induced  draft  source,  but  shall  depend 
for  venting  of  exhaust  gases  solely  on  the  provision  for 
venting  incorporated  in  the  furnace  and  the  exhaust/air 
intake  system  supplied  with  it.  On  units  which  are  not 
designed  to  preheat  the  incoming  air,  the  first  18  inches 
of  vent  pipe  downstream  of  the  furnace  outlet  shall  be 
insulated  with  a  layer  of  insulation  having  an  R  value 
of  7  (°F— HR— FttyBtu)  and  the  insulation  material 
covered  by  a  layer  of  aluminum  foil. 

2  3  Fuel  Supply 
2  3.1  Natural  Gas 

For  a  furnace  utilizing  natural  gas,  maintain  the  gas 
supply  to  the  unit  under  test  at  a  normal  inlet  test 
pressure  immediately  ahead  of  all  controls  at  7  to  10 
inches  water  column.  The  regulator  outlet  pressure  at 
normal  test  pressure  shall  be  approximately  that  recom¬ 
mended  by  the  manufacturer.  Vse  natural  gas  having  a 
specific  gravity  of  approximately  0.6  and  a  higher  heating 
value  within  ±5  percent  of  1,025  Btu  per  standard  cubic 
foot.  Determine  the  actual  higher  heating  value  in  Btu’s 
per  standard  cubic  foot  for  the  natural  gas  to  l>e  used  in 
the  test  with  an  error  no  greater  than  one  percent. 


2.3.2  ITopane  Gas 

furnace  utilizing  propane  gas.  maintain  the  gas 
to  the  unit  under  test  at  a  normal  inlet  pressure 
of  11  to  13  inches  water  column.  The  regulator  outlet 
pressure  at  normal  test  pressure  shall  be  approximately 
that  recommended  by  the  manufacturer.  Vse  propane 
HD-5  having  a  sjieeifie  gravity  of  approximately  1.55 
and  a  higher  heating  value  within  *5  percent  of  2,500 
Btu’s  per  standard  cubic  foot.  Determine  the  actual 
higher  heating  value  in  Btu's  per  standard  cubic  foot 
for  the  propane  to  be  used  in  the  test  with  an  error  no 
greater  than  one  percent. 

2.3.3  Other  Test  Gas 

The  characteristics  of  other  test  gases  shall  be  main¬ 
tained  as  described  in  Section  2.2,  Table  VII.  of  ANSI 
Standard  721.47.  Their  measured  higher  heating  value 
shall  be  within  *5  percent  of  the  values  specified  in  the 
above  ANSI  standard. 

2  3.4  Oil  Supply 

For  a  furnace  utilizing  fuel  oil,  the  fuel  oil  used  shall 
be  No.  2  fuel  oil  and  shall  conform  to  the  specifications 
outlined  in  Tables  2  and  3  of  ANSI  Standard  791.1-1972. 
The  higher  heating  value  of  the  test  fuel  oil  shall  be 
measured  with  an  error  no  greater  than  one  percent. 

2.3.5  Electrical  Supply 

For  an  electric  furnace  or  l>oiler,  or  for  an  auxiliary 
electric  component  of  a  gas  or  oil  fueled  furnace,  maintain 
the  electrical  supply  to  the  test  unit  within  one  percent  of 
the  nameplate  voltage  for  the  entire  portion  of  the  test 
cycle  If  a  voltage  range  is  used  for  nameplate  voltage, 
maintain  the  electrical  supply  within  one  percent  of  the 
center  of  the  nameplate  voltage  range. 

2.4  Bremer  Adjustments 

2.4.1  Gas  Burner  Adjustments 

Burners  of  gas  fueled  furnaces  shall  be  adjusted  to 
their  maximum  Btu  ratings  at  normal  test  pressure.  All 
such  adjustments  shall  be  within  ±2  percent  of  the 
hourly  Btu  rating  specified  by  the  manufacturer  as 
measured  after  15  minutes  of  operation  starting  with  all 
parts  of  the  furnace  at  room  temperature.  The  primary 
air  shutters  shall  be  set  at  the  maximum  opening,  correct 
burner  input  flow  rate  to  standard  conditions  of  60°  F 
and  30  inches  mercury  barometric  pressure. 

If  a  vent  limiting  means  is  provided  on  a  gas  pressure 
regulator,  it  shall  be  in  place  during  all  tests. 

2.4.2  Oil  Burner  Adjustments 

The  burners  of  oil  fueled  furnaces  shall  t>e  adjusted  to 
give  the  best  COi  reading  and  an  hourly  Btu  input 
during  the  steady-state  performance  test  described  lielow 
which  is  within  plus  or  minus  2  percent  of  the  furnace 
manufacturer’s  specified  normal  hourly  Btu  input  rating. 
Smoke  in  the  flue  shall  not  exceed  a  No.  2  smoke  during 
the  steady-state  performance  test  as  measured  by  the 
procedure  in  ANSI  Standard  711.182-1965  (R1971) 
(A8TM  D  2156-65(1970)).  The  average  draft  over  the 
fire  and  in  the  flue  during  the  steady-state  performance 
test  shall  be  that  recommended  by  the  manufacturer 
and  draft  fluctuations  shall  not  exceed  0.005  inches  of 
water  gauge.  No  additional  adjustments  to  the  burner 
shall  be  made  during  the  required  series  of  performance 
tests.  The  instruments  and  measuring  apparatus  for  this 
test  are  descril>ed  in  Section  6  3  of  ANSI  Standard 
791.1-1972. 

2.5  Circulating  Air,  Steam,  or  Water  Flow  AeFustments 
2.6.1  Gas  Fueled  Forced  Air  Central  Furnaces  (includ¬ 
ing  direct  vent  systems) 

The  external  static  pressure  and  air  flow  rate  shall  be 
adjusted  as  s|Hvified  in  Sections  2.1.11,  2.1.12,  and  2.1.13 
of  ANSI  Standard  721.47-1973.  Outlet  air  temperature 
shall  l>e  measured  in  accordance  with  Section  2.9  1  of 
the  same  standard. 

2.5  2  Gravity  Central  Furnace® 

The  air  flow  rate  through  the  furnace  shall  l*  such 
that  the  average  normal  air  tem|>erature  rise  at  steady- 
state  is  not  greater  than  130°F  above  the  inlet  air  tenqiera- 
ture  when  the  furnace  is  equipped  with  the  vertical 
test  plenum  or  extended  casing  and  horizontal  test 
ducts  as  described  in  Section  2.9.1  of  ANSI  Standard 
721.47-1973.  Measure  the  outlet  air  temperature  as 
specified  in  Section  2.9.1  of  the  above  standard.  The 
inlet  air  temperature  shall  be  measured  at  the  center 
of  the-  plane  of  each  inlet  air  owning  by  means  of 
single  No.  24  AWG  lead  type  thermocouple,  suitably 
shielded  from  direct  radiation. 

2.6.3  Oil  Fueled  Forced  Air  Central  Furnaces 

The  external  static  pressure  and  air  throughput  rate 
shall  be  adjusted  as  specified  in  Table  6  and  Section  6.2 
of  ANSI  Standard  791.1-1972. 

2.5.4  Gas  Fueled  Low  Pressure  Steam  and  Hot  Water 
Boilers 

Circulating  water  or  steam  flow  shall  lie  adjusted  to 
obtain  the  o|ierating  conditions  of  steam  or  water  de- 
cribed  in  ANSI  Standard  Z21. 13-1974,  Section  2.9. 

2.5.5  Oil  Fueled  Low  Pressure  Steam  and  Hot  Water 
Boilers 

The  water  flow  rate  for  hot  water  boilers  shall  be 
adjusted  to  produce  a  water  temperature  rise,  during 


_  For  a 
supply 


steady-state  operation,  between  120°  F  (48.9  C)  and 
165°  F  (73.9°  C)  and  an  outlet  water  temperature  of 
200°  F  (.93.3°  C)  plus  or  minus  5°  F  (2-8°  C). 

2.5.6  Electric  Central  Furnaces 

lTse  the  air  quantity  and  pressures  specified  by  ARI 
Standard  280-74,  sections  7.2.1  and  6.2.3. 

2.5.7  Electric  Boilers 

The  flow  of  water  or  steam  shall  be  as  specified  iu 
Section  2.5.4. 

2.6  Thermocouple  Installation 

2.61  Gravity  and  Gas  Fueled  Forced  Air  Central 
Furnaces  and  Low  Pressure  Steam  and  Hot 
Water  Boilers 

For  units  employing  an  integral  draft  diverter,  install 
nine  thermocouples  in  a  horizontal  plane  in  the  five  foot 
stack  at  4  ft.  6  in.  above  the  highest  point  of  the  furnace 
outlet. 

Install  one  thermocouple  in  the  center  of  the  stack. 
Install  eight  thermocouples  along  imaginery  lines  inter¬ 
secting  at  right  angles  in  this  horizontal  plane  at  points 
one  third  and  two  thirds  of  the  distance  between  the 
center  of  the  pipe  and  the  pipe  wall.  Install  one  thermo¬ 
couple  in  the  center  of  the  2  ft.  length  of  insulated  flue 
pipe  at  the  midpoint  (i.e.,  one  ft.  from  the  end). 

For  units  which  do  not  employ  an  integral  draft 
diverter,  install  nine  thermocouples  in  a  horizontal  plane 
12  inches  from  the  outlet  of  the  2  foot  length  of  insulated 
flue  pipe.  Install  one  thermocouple  in  the  center  of  the 
flue  pipe  and  eight  thermocouples  along  imaginery  lines 
intersecting  at  right  angles  in  this  horizontal  plane  at 
points  one  third  and  two  thirds  of  the  distance  between 
the  center  of  the  flue  pipe  and  the  flue  pipe  wail 

Vse  bead-type  thermocouples  having  wire  size  not 
greaterthan  No.  24  American  Wire  Gauge  (affO). 

The  locations  of  thermocouples  used  for  measuring 
conditioned  warm  air  are  described  in  ANSI  721.47-1973, 
Section  2.9.  The  temperature  of  the  inlet  air  shall  lie 
established  by  means  of  asingle  No.  24  AWG  bead-tvpe 
thermocouple,  suitably  shielded  from  direct  radiation 
and  located  in  the  center  for  the  plane  of  each  inlet  air 
opening. 

2.6.2  Oil  Fueled  Forced  Air  Central  Furnaces 

Thermocouples  shall  lie  installed  as  descritied  iu  Sec¬ 
tion  6  3  of  ANSI  Standard  791.1-1972  and  as  shown  in 
Figures  2  and  3  of  the  same  standard  using  thermocouple 
wire  not  larger  than  24  AWG. 

2.8.3  Gas  Fueled  Low  Pressure  Steam  and  Hot  Water 
Boilers  with  Direct  Vent  Systems 

Install  thermocouples  using  the  following  procedures 
on  direct  vent  units  which  preheat  the  incoming  combus¬ 
tion  air.  two  lines  intersecting  at  right  angles  shall  lie 
established  inside  the  vent  pipe  in  a  plane  parallel  to 
and  one  inch  (25  4  mm)  from  the  outlet  of  the  vent  pipe 
On  direct  vent  units  which  do  not  preheat  the  incoming 
combustion  air,  two  lines  intersecting  at  right  angles 
shall  be  established  inside  the  vent  pipe  in  a  plane  located 
within  12  inches  of  the  boiler  outlet.  These  two  lines 
shall  be  oriented  so  that  they  will  divide  the  internal 
area  into  quadrants  One  thermocouple  shall  be  placed 
at  the  intersection  of  the  two  line®.  Eight  thermocouples 
shall  be  placed  in  sets  of  four  along  each  line  at  points 
one  third  and  two  thirds  of  the  distance  from  the  inter¬ 
section  to  the  periphery.  I’se  liead-type  thermocouple®, 
not  larger  t han  24  AWG. 

2.6.4  Oil  Fueled  Low  Pressure  Steam  and  Hot  Water 
Boilers 

Flue  pipe  and  gas  temperature  instrumentation  shall 
lie  in  accordance  with  the  Hydronic  Institute  “Testing 
and  Rating  Standard  for  fast  Iron  and  Steel  Heating 
Boilers,”  January  1977. 

2  6.5  Forced  Air  Central  Furnaces  with  Direct  Vent 
Systems 

For  units  that  are  designed  to  preheat  combustion 
air,  install  nine  thermocouples  along  two  imaginary  lines 
intersecting  at  right  angles  inside  the  vent  pipe  In  a 
plane  parallel  to  and  one  inch  (25.4  mm)  from  the  outlet 
of  the  vent  pipe.  The  lines  shall  be  oriented  so  that  they 
will  divide  the  internal  area  into  quadrants.  One  thermo¬ 
couple  shall  lie  located  at  the  intersection  of  the  two 
lines.  Eight  thermocouples  shall  lie  located  in  sets  of 
two  along  each  line  at  points  one  third  and  two  thirds 
of  the  distance  from  the  intersection  to  the  periphery. 
Vse  head-type  thermocopule®  not  larger  than  24  AWG, 
at  the  s|iecilied  locations.  Thermocouples  and  their 
locations  usi-d  for  measuring  conditioned  warm  air  are 
descritied  in  ANSI  721.47-1973,  Section  2.9. 

For  units  not  designed  to  preheat  combustion  air. 
locate  the  nine  thermocouples  in  a  place  one  foot  from 
the  outlet  of  the  furnace  and  in  the  configuration  de¬ 
scribed  above. 

2.7  Combustion  Measurement  Instrumentation 

The  samples  of  stack  and  flue  gases  for  furnaces  shall 
be  analy  zed  to  determine  the  concentration  by  volume 
of  carbon  dioxide  present  in  the  dry  stack  and  flue  gas 
with  instrumentation  which  will  result  in  a  reading 
having  an  accuracy  of  ±3  percent. 

2.8  F.ncrgy  Flow  Instrumentation 

Install  one  or  more  energy  flow  instruments,  which 
measure  the  quantity  of  electrical  energy,  gas  flow,  or 
fuel  oil  supplied  to  the  furnace,  as  appropriate,  with  an 
error  no  greater  than  one  percent. 
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PROPOSED  RULES 


29  Room  Ambtent  Thngrrafnii 

Maintain  tin  test  room  at  an  am  Men  t  air  temperature 
between  66°  F  and  78*  F.  Use  the  procedure  outlined  m 
Section  2.1.14  of  ANSI  SUudwd  Z3247-W73  to  measure 
room  temperature. 

2.10  Equipment  VSud  t*  Meaeun  Mom  Ftm  Rate  ia 

Flue  and  Stack 

The  tracer  gas  chosen  for  this  task  should  have  a 
density  which  is-  approximately  equal  to  the  density  of 
air.  It  shall  be  of  different  chemical  species  or  different 
concentration  from  the  flue  gaa  to  ha  -'■"wur"'*  and  shall 
"  be  unreactive  with  the  environment  to  be  encountered. 
Instrumentation  used  to  measure  the  concentration  of 
tracer  gas  may  be  either  the  hatch  or  enwrinomts  type 
with  an  accuracy  of  ±2  percent  of  the  value  at  the  oon- 
oeatratioa  measured. 

3.0  Testing  axd  Measurements 

3.1  Steadv-State  Tetting 

3.1.1  Gravity  and  Gas  Fueled  Forced  Air  Central 
Furnaces 

3d.  1.1  Stack  Gas  Temperature  and  CO*  Measure- 
meals* 

The  follow  me  procedure  is  only  to  be  used  for  gravity 
and  gas  fueled  farced  air  central  furnaces  with  integral 

draft  diverters. 

The  furnace  shall  be  set  up  as  specified  in  21.1.  or 

21.2  221  and  2.3.1  2.23.  Begin  the  steady-state  per¬ 
formance  test  by  operating  tbe  burner  and  the  circulating 
air  blower  with  the  adjustments  specified  by  2.4J  and 

25.1  until  a  steady-state  temperature  is  attained  in  the 
stack  gas  as  measured  by  the  center  t  hermocouplc  located 
in  the  5  foot  stack  as  speci'iedin  221. 

Record  the  si  eady-state  stack  gas  temperature  ( T..„.,). 
Measure  a  sample  of  dry  stack  gaases  for  COs  (Xeot.*) 
»  accordance  with  tbe  method  of  test  prescribed  in  AN  ST 
221.47-11173,  sections  29.1  and  222  end  record.  Measure 
heat  input  rate  ft),.)  including  the  pilot  input  and  the 
electrical  power  input  at  steady-state  conditions  and 
record. 

The  steady-state  lieat  input  rate  (pi.)  including  pilot 
gas  shall  be  determined  by  multiplying  the  measured 
higher  heating  value  of  the  test  gas  by  the  steady-state 
gas  input  rate  corrected  to  standard  conditions  of  60°  F 
and  30  inches  mercury. 

Meeaure  the  steady-state  electric  power  to  the  circu¬ 
lating  air  blower  (RE)  and  to  the  power  burner  (PE) 
on  units  so  equipped  and  record  the  data. 

3.1. 1.2  Flue  Gas  Temperature  and  CO2  Measure¬ 
ments. 

After  the  above  test  measurements  have  been  com¬ 
pleted  on  units  employing  integral  draft  diverters,  the 
3  to  5)4  foot  long  black  iron  pine  used  In  the  steady-state 
test  shall  be  removed,  the  draft  diverter  relief  opening 
shall  be  blocked  and  a  2  foot  length  of  flue  pipe  installed 
as  described  in  section  2.6.1.  A  single  bead-type  thermo¬ 
couple  net  larger  than  No.  24  A  WPG  shall  be  located  in  the 
center  of  the  flue  pipe  and  12  inches  from  Its  top.  After 
equilibrium  conditious  are  again  achieved,  as  indicated 
by  changes  in  the  flue  gas  temperature  of  not  more  than 
5®  F  (2.8°  C)  between  readings  15  mrimtes  apart,  the 
steady-state  flue  gas  temperature  (Tr*. )  shall  be  meas¬ 
ured  using  this  single  thermocouple  and  a  sample  of  the 
flue  gases  shall  he  taken  in  the  same  plane  01  measure¬ 
ment.  The  sample  of  the  flue  eases  shall  he  analysed  to 
determine  the  concentration  by  volume  of  CO^Xco^F) 
present  in  tbe  dry  flue  gas. 

On  units  not  employing  integral  draft  diverters,  (he 
Acad y -stale  flue  gas  temperature  shall  be  measured  in 
the  2  foot  length  of  due  pipe  as  described  in  section  2.6 
and  a  sample  of  the  flue  gas  shall  be  taken  in  the  plane 
of  measurement.  The  sample  of  flue  gases  shall  be  ana¬ 
lyzed  to  determine  the  concentration  of  COj(Xco,,r) 
present  in  the  dry  flue  gas. 

U  1  Gas  Fueled  Forced  Air  Central  Furnaces  with 
Direct  Vent  Systems 

The  furnace  shall  be  set  up  and  adjusted  as  specified 
Jn  sections  2.1.2, '2.2.1, 2.3.1-3.3.3,  and  2.5.1.  Flue  tempera¬ 
ture  (Tr,„)  and  COt(Xcat,r)  measurements  shall  be 
parfeamed  at  steady-state  conditions  as  prescribed  in 
1L1.  with  the  following  except  ion: 

Temperature  measurements  shall  be  made  at » local  ion 
which  is  determined  by  tbe  design  provisions  of  the 
turnuce  for  preheating  the  incoming  air  as  prescribed  in 
section  2X.1  for  thermocouple  location. 

21.3  Oil  faded  Farced  Air  Central  Furnaces  (not  in¬ 
cluding  direct  vent  systems) 

The  furnace  shall  be  set  up  and  adjusted  as  specified 
In  sections  2.1.2,  2.2.1  and  2.3.4.  Begin  the  steady-state 
performance  test  by  operating  the  burner  and  the  cir¬ 
culating  air  blower  with  the  adjustments  specified  by 

24.2  and  2.5.3.  When  steady-state  tem|>erature  (Tr.m) 
is  attained  in  the  flue  gas,  measure  the  average  flue  gas 
temperature  and  measure  CO>fXco,.r)  in  a  sample  of 
the  flue  gas  at  the  location  described  in  ANSI  Standard 
Z91.1,  section  6.5  and  reoord  the  data.  There  shall  be  no 
opening  between  the  furnace  end  the  point  where  the 
flue  gas  wmpte  is  to  fee  measured.  M  a  barometric  draft 
regulator  is  i  ueorporaTed  m  the  (unae^  K  sha>  be  sealed 
during  all  teAs. 


Measure  and  reoord  the  steady-state  hoe*  input  rate 
(Ota).  Measure  steady-state  electrical  power  to  the  air 
blower  (BE)  and  to  the  power  burner  (PE)  and  record 
then  data. 

3.1.4  OB  Fueled  Pbcced  Air  Central  Pumeree  with 
Direct  Vent  Systems 

Perform  the  measurements  re  prescribed  la  Aid.  l*ie- 
vbbw  at  3.1.3  apply  with  the  fodowing  eacepuaes: 

The  equipment  used  for  testing  shall  be  span  lied  in 
2.2.3  and  tho  installation  of  duet  work  shall  fee  as  speci¬ 
fied  by  the  manufacturer.  In  addHiew,  furnaces  using 
outdoor  air  for  combustion  and  dralt  emUiol  and  which 
preheat  the  incoming  combustion  air  shall  have  the 
steady-state  concentration  of  carbon  dioxide  in  the  duo 
gases  (Xroas),  the  steady-state  Hue  gas  temperature 
(TV.„)  measured  at  a  location  which  is  different  from 
that  shown  in  Figure  3  of  ANSI  Standard  Z94.1-I972. 
These  measurements  shall  be  made  close  to  the  outlet  of 
the  vent  pipe  on  furnaces  with  diroct  vent  systems  which 
preheat  the  incoming  air  and  Just  upstream  of  the  baro¬ 
metric  draft  control  on  units  which  use  out  door  air  for 
combustion  and  draft  control  and  which  preheat  the 
incoming  air.  Tbe  procedures  and  instruments  for  mak¬ 
ing  these  measurements  shall,  however,  be  the  same  ns 
those  described  in  section  2.1.3  of  ANSI  Z9T.I-W72, 
except  insulation  is  roquired  on  surfaces  of  the  eahaust/ 
air  intake  system  exposed  to  ambient  air  where  surface 
temperatures  exceed  the  room  temperature  by  moro 
than  30®  F  (16-7®  O. 

3.1.5  Gas  Fueled  Low  Pressure  Steam  and  Hot  Water 
Boilers 

The  boiler  shall  be  set  up  and  adjusted  as  specified 
in  sections  2.1.3,  2.2.2,  or  2.2.3,  2.3.1,  2.3.3,  2.6.3,  2.4.1 
and  2.5.4.  Begin  the  steady-state  test  by  operating  the 
burner  as  specified  in  section  24.1  and  the  steam  or  liot 
water  adjusted  as  specified  in  section  2.5.4.  When  steady- 
state  conditions  are  attained,  the  Hue  gas  temperature 
(TV,,.)  and  a  sample  of  the  dry  Hue  gases  shall  be 
meosnred  lor  the  CO,  concentration  (Xem.r)  at  a  loca¬ 
tion  in  accordance  with  ANSI  £21. 13-1974.  section  2.19, 
and  the  va—,«s  recorded.  Measure  the  steady-state  elec¬ 
trical  power  input  (RE  and  PE)  and  hem  input  rate 
(Qim),  including  pilot  gas.  Measure  gas  temperature  and 
pressure  at  the  meter  and  barometric  pressure  and  correct 
the  metered  gas  flow  rate  to  standard  conditions  of 
60*  F  and  30  inches  mercury.  Determine  the  fuel  input 
in  Btu  per  hour  using  the  higher  hooting  value  of  the 
fuel. 

3.1.6  Oil  Fueled  Low  Pressure  Steam  and  liot  Water 
Boilers 

The  boiler  shall  be  set  and  adjusted  as  specified  in 
sections  2.1.3,  2.2.2,  or  223,  23.4,  2.4.2,  and  26.4.  Begin 
the  stood y-state  test  by  operating  the  burner  as  specified 
in  section  2.4.2  and  adjust  tbe  steam  or  hot  water  as 
specified  in  section  2.5.5.  When  steady-state  conditions 
ore  achieved  sample  tne  dry  flue  gases  and  analyse  for 
C02  (Xcotr).  Measure  the  steady-state  line  temperature 
(Tr.m).  Measure  the  sleady^state  fuel  input  rate  are!  the 
steady-state  electrical  input  power  (RE  and  PE). 
Determine  the  measured  heat  input  rate  in  Btu*s  per 
hour  fO*J  using  the  higher  heating  value  ( H>fV)  at  the 
fuel  oil  and  the  measured  steady-state  fuel  input  rate. 
Record  all  values  measured. 

3.1.7  Electric  Forced  Air  Central  Furnaces 

The  steady-state  test  for  electric  furnaces  is  a  measure¬ 
ment  of  the  rated  power  input  (Ein),  in  accordance 
with  the  test  procedure  specified  in  ARI  Standard  290-71, 
section  5.1.  All  measurements  taken  shall  he  at  the 
standard  rating  condition  describe  1  ia  0.2.1  of  Standard 
280-74. 

3.1. S  Electric  boilers 

Flnv  conditions  shall  be  as  specified  in  S'ction  ?.*.7. 
Electrical  power  input  shall  be  as  specified  in  section 
2.3.5. 

3.2  Flue  Temperature  Measurement! — Coal  Dow  a  Tot 
3.2.1  Gravity  and  Gas  Fueled  Forced  Air  Central 
Furnaces 

After  steady-state  testing  is  completed,  all  units  with 
and  without  integral  draft  diverters  yiall  liavc  the  main 
burner  turned  off  and  the  flue  gas  temperature  measured 
by  means  of  the  thermocouple  described  above,  at  1.5 
(TV.  oar  ti,i)  and  9.0  ( Tr  off  t  ip)  minutes  after  the  burner 
shnts  off.  Units  employing  both  integral  draft  diverters 
and  stack  dampers  shall  have  the  damper  control  by¬ 
passed  so  that  the  damper  remains  open  during  the 
cool  down  tost.  During  this  off-period  the  indoor  air 
circulating  blower  shall  be  made  lo  operate  dung  tie1 
first  three  minutes  of  the  off  period  and  shall  then  be  turned 
off  unless  the  furnace  employs  a  single  motor  to  drive  a 
power  burner  and  an  indoor  air  circulating  blower  in 
which  ease  both  shall  be  turned  off  together.  The  main 
Immer(s)  shall  remain  off  until  equilibrium  conditions 
are  attained,  as  indicated  by  temperature  changes  in 
the  flue  gas  of  not  more  than  3®  F  (2.8*  C)  between 
readings  15  minutes  apart.  For  unit  employing  a  con¬ 
tinuously  burning  pilot  light,  a  third  flue  eas  temperature 
measurement  shall  then  be  made  to  determine  the  off- 
period  minimum  flue  gas  temperature  (TV.  off, < 00 >). 
Fbr  units  not  employing  a  continuously  burning  pilot 
light,  Tr.  off  <®°  >  is  assumed  to  equal  70*  F”  (21.1°  C). 
During  this  cool  down  test,  the  energy  input  rate  to 


tb«  pilot  light  f<?„  if  the  unit  is  so  equipped,  rirell  also 
be  measured  to  within  an  accuracy  it  ±1  percent. 

Ivccord  ftil  Yftlucs. 

A2.3  Gravity  and  Oae  Fueled  F erred  Air  Central 
Frirnaecs  tmdudiag  direct  vent  syAcms) 

After  steady-state  testing  has  boat  completed,  turn 
the  wain  burner  off  and  measure  the  uuegaa  temperature 

st  1.5  (TV.  off  <>|))  and 9.0  (TV.  off  rqtt  raunu.es  alter 
the  burner  is  shut  off  using  a  single  bead-type  thermo¬ 
couple,  1101  larger  than  AAmu,  faerere  in  iworue  u I 

u»  ~ue  pipe  aun  the  torn  ares  prescribed  in  mire  —9.5. 

UUdk  UU'PWIU^  v4>*>  i|fe4KWf  fir  flfTUUMHH  UAttWef 

sltau  oe  made  lo  operate  during  ilie  urai  3  uunuies  ul  the 
-period  and  sbau  iben  be  siiut  om  unless  rue  lurnace 
cuipioys  a  single  inouv  in  drive  a  power  uuiuer  and  an 
inuoor  air  circulaung  blow  er,  iu  w  inch  case  ureii  snail  00 
turned  ou.  i  ue  mam  burnerisj  slwn  remain  ou  uutil 
equinurium  conditions  are  attained,  as  unhealed  by 
cnaiigea  m  lire  “to*  i,tn|i,j^ >ir->  < u  mu  nuire  tiian 
1  t )  bciweeu  readings  lo  uunuies  apart.  For 

units  employing  a  continuously  burning  ptkii  light,  a 
tim'd  uue  gas  temperature  nreasutesneui  shall  then  bo 
made  10  utuermiue  uie  otl-pcriod  mini  mum  uue  gas 
temperaimc  (IV.wttvlf.  For  units  not  employing  a 
Continuously  buuiuig  pilot  light,  Tf.  or*  t«)  is  as- 
stui.od  to  equal  W  r  U21”  C).  touring  ruts  cool  down 
real,  tin*  oiugy  lupur  rate  to  tbe  pitot  ughl  (Ve),  >4  the 
unu  u  so  equipiwd,  shall  also  be  measured  to  wrtli  ia 
an  accuracy  01  ±3  perceui.  Record  all  measured  values. 
11  a  lurnace  wlih  a  diroct  veui  system  employs  an  auto¬ 
matic  Siaca  damper,  it  shall  be  closed  during  this  cool 
down  Lest. 

3-2.3  Oil  Fueled  Forced  Air  Central  Furnocw  (ioctud- 
ing  direct  vent  systems) 

After  steady -siaic  testiug  has  been  ccmplebad,  turn 
the  main  tinnier  ou  aad  measure  Uia  uue  ytm  teuiperar 
Uue  ai  13  (i>,  off  t y  1)  and  9.0  (If,  off  ti,i)  mluulos 
alter  the  burner  abuts  ou  ‘tump  ,  single  bead-ly  pc  iliermo- 
coupie,  not  larger  ilian  .1  Ami,  located  in  the  center  of 
tha  -me  pipe  and  the  tocatious  preaertbed  w  section  145. 
During  uus  ou -pecnxl,  the  indoor  air  cucnkiuug  blower 
shall  ue  made  to  operate  dining  the  nisi  3  untunes  of 
the  od-perlod  and  then  turned  oil  unless  lire  iumace 
employs  a  single  motor  10  drive  a  1  tower  burner  and  an 
indoor  air  circulating  blower,  in  which  bulh  «t*»n 
be  turned  ou.  1  he  burner  shall  raunnn  uU  until  equilib¬ 
rium  conditious  are  attained,  as  indicated  by  tempera¬ 
ture  changes  in  the  .me  gas  01  uot  more  than  3“  F  (2.8®  C) 
between  readings  15  minutes  apart,  tor  units  employing 
acj.rUauJusly  Unrniig  phot  Light,  a  third  due  gas  temper- 
alure  measurement  shall  then  be  made  lo  determine  the 
qfoh-pcriud  minimum  nuc  gas  temperature  (Tr.  orris »). 
For  units  no-  employing  a  cominuousiy  burning  pilot 
feghl,  Tr  orvtw)  is  assumed  10  equal  70®  F  (21.1®  C). 
During  tho  cool  down  test,  the  energy  input  rate  to  the 
phot  light  (Qf),  il  Live  unit  is  so  equipped,  shall  also  be 
measured  lo  within  an  accuracy  ul  ±3  percent.  Reoord 
all  measured  values.  During  the  cool  down  test  for 
furnaces  not  equipped  with  stack  dampers,  a  means 
shall  be  provided  to  maintain  the  draft  in  tbe  tluo 
within  ±0.01  inches  ol  water  gouge  of  the  average  value 
measured  in  the  steady-state  performance  test.  On  units 
equipped  with  stac.c  dampers,  the  damper  shall  be 
dosed  during  this  cool  down  test. 

22  4  Gas  and  Oil  Fuelad  Low  l’reasree  Steam  and  Uot 

Water  Boilers 

After  steady-state  testing  has  been  completed,  turn 
the  main  burner  off  and  measure  the  Uue  gas  temperature 
at3.75(TV,  off  ui)'  and  22.5  ( Tr.  off  o,))  minutes  after 
the  burner  shuts  off  using  a  single  bead-type  thermo¬ 
couple,  not  larger  than  24  AWU,  located  in  tlieeemer  of 
tho  hue  pipe  and  one  inch  (25.4  mm)  from  its  outlet. 
During  this  off-period,  no  water  shall  be  allowed  to 
circulate  through  the  hot  water  I  toiler.  A  third  flue  gas 
temperature  measurement  shall  then  be  made 45  minutes 
after  the  burner  shuts  off  to  determine  the  off-period 
minimum  Hue  gas  temperature  (TV  off  <«)).  During 
(his  cool-down  test,  the  energy  input  rale  to  the  pilot 
fight  (Or),  if  the  unit  is  so  equipped,  shall  be  measured 
to  within  an  accuracy  of  ±3  percent.  Record  aU  measured 
values.  For  oil  fueled  trails  not  up  upped  with  stack 
dampers,  a  means  shall  be  (trovided  to  maintain  the 
draft  in  tbe  flue  within  ±0.01  inches  of  water  gauge  ol 
the  average  value  measured  in  the  steady-stale  perkirui- 
anee  test. 

23  Flue  Got  Temperature  Mecturenunl—IIeat  Up 
Test 

3.3.1  Gravity  and  Forced  Air  Central  Furnaces 
(including  diroct  vent  systems) 

After  equilibrium  conditions  are  achieved  foflowing 
the  cool-down  lest  and  the  required  measurements 
performed,  the  furnace  shall  be  turned  on,  the  flue  gas 
temperature  measured  at  the  same  local  ions  specified 
in  section  3.2,  st  0.5  (Tr.  ou  tq»)  and  2A  (Tr.  ou  «<->) 
minutes  after  the  main  burner (*)  comes  on.  The  indoor 
air  circulating  (an  shall  remain  off  during  the  first  1.5 
minutes  of  this  worm  up  tost  and  shall  then  tic  turned 
on  unlesa  the  furnace  employs  a  single  motor  to  drive  a 
power  burner  and  an  indoor  air  circulating  blower.  In 
which  case  both  shall  be  started  togothor.  Record  tbe 
measured  temperatures. 
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3.3.2  Low  Pressure  Steanj  and  Hot  Water  Boilers 
After  equilibrium  conditions  are  achieved  following  the 
cool-down  test  and  the  required  measurements  per¬ 
formed,  the  steam  or  hot  water  boiler  shall  he  turned  on 
and  the  flue  gas  temperature  measured  at  the  same  loo* 
tions  specified  in  section  3.2  at  1.0  ( Tr ,  on<(|>)  and  .5.5 
( 7>,  on(i2>)  minutes  after  the  main  burner(s)  comes  on. 
The  pump  circulating  the  water  through  the  hot  water 
1  «>iler  shall  be  started  simultaneously  with  the  main 
burner(s).  During  the  IteaUup  test  for  oil  fired  lioilers. 
means  shall  lie  provided  to  maintain  the  draft  in  the 
flue  within  ±0.01  inches  of  water  column  of  the  average 
draft  measured  in  the  steady-state  test.  Record  the 
measured  temperatures. 

3.4  Jacket  Lon  Measurement 

A  jacket  loss  test  is  specified  only  for  units  intended  to 
lie  installed  outdoors.  Measure  the  jacket  loss  t Lj)  in 
accordance  with  the  following  ANSI  standards  and 
record  the  total  loss  and  ambient  room  temperature 
during  the  test : 

(i)  Gravity  central  furnaces— Z21. 47-1973,  section  2.9.1 
and  Appendix  F. 

(ii)  (las  fueled  forced  air  central  furnaces— Z21.47-197S, 
section  2.9.2  and  Appendix  F. 

(iii)  Has  fueled  low  pressure  steam  attd  hot  water 
boiler— ANSI  Z21.47-197B,  section  2.9.2  and  Appendix  F. 

(iv)  Oil  fueled  forced  air  central  furnaces— Z91. 1-1972 
Appendix  B. 

(v)  Oil  fueled  low  pressure  steam  and  hot  water 
boilers— ANSI  Z21.47 -1973,  section  2.9.2  and  Appendix 
F. 

3.5  Measurement  for  Determining  KffrCt Irenes*  of  Stack 
Dampen 

The  effectiveness  of  a  stack  damper  (Do),  in  furnaces 
so  equipped,  shall  l>e  determined  by  measuring  the  cross 
sect  ional  area  of  t  he  stack  ( As) ,  the  net  area  of  t  he  dam  per 
plate  (An)  (the  area  of  the  damper  plate  minus  the  area 
of  any  holes  in  the  plate),  and  the  angle  which  is  the 
angle  the  damper  plate  makes  when  closed  with  a  plane 
perpendicular  to  the  axis  of  the  stack.  The  equation  in 
section  4.3  is  then  employed  to  calculate  Do. 

3.6  Meatnrements  for  Determining  Dp  for  System* 
Equipped  with  Power  Burners 

On  power  burner  systems  not  employing  st  ack  dampers 
or  on  power  burner  systems  with  a  stack  damper  and  an 
integral  draft  diverter,  the  flue  gas  temperature  during 
the  off-period  (Tr.  orr)  may  be  measured  during  the 
cool-down  test  descrilted  in  section  3.2.  The  procedures 
to  be  used  for  measuring  Tr.  orr  are  described  below. 

On  systems  equipt>cd  with  both  power  burners  and 
stack  dampers,  and  not  employing  an  integral  draft 
diverter,  Dr  shall  be  measured  during  a  separate  cool¬ 
down  test.  This  separate  cool-down  test  shall  be  con¬ 
ducted  after  warm-up  test  described  in  Section  3.3  for 
determining  the  on-period  flue  gas  temperature.  It  shall 
be  conducted  by  letting  the  unit  run  after  the  warm-up 
test  is  completed  until  steady-state  conditions  are 
reached,  as  indicated  by  temperature  changes  in  the 
flue  gas  of  not  more  than  plus  or  minus  5°  F  (2.8°  C) 
between  readings  15  minutes  apart,  and  then  shutting 
the  unit  off  w  ith  the  stack  damper  controls  by-passed  or 
adjusted  so  that  the  stack  damper  remains  open  during 
the  resulting  cool-down  period.  If  a  draft  was  maintained 
In  the  flue  during  the  steady  state  performance  test 
described  in  Section  3.1  the  same  draft  (within  ±0.01 
inches  of  water  gauge  of  the  average  value  measured 
during  the  steady-state  tests)  shall  be  maintained  during 
this  cool-down  period. 

The  flue  gas  mass  flow  rate  during  the  off-period 
(mr.orr)  may  be  measured  at  a  specific  off-period  flue 
gas  temperature  and  then  corrected  to  obtain  its  value 
at  a  flue  gas  temperature  at  steady-state  (Tr.ra),  using 
the  procedure  described  below. 

Within  one  minute  after  the  unit  is  shut  off  to  start  the 
cool  down  test  for  determining  Dr,  begin  feeding  a  tracer 
gas  into  the  combustion  chamber  at  a  constant  flow  rate, 
V>,  and  at  a  point  which  will  allow  for  the  best  possible 
mixing  with  the  air  flowing  through  the  chamber.  On 
units  equipped  with  an  oil  fired  power  burner,  the  best 
location  for  injecting  this  tracer  gas  is  through  a  hole 
drilled  in  the  blast  tube.  The  value  of  lrr  shall  be  period¬ 
ically  measured  with  an  instantaneously  reading  flow 
meter  having  an  accuracy  of  ±3  percent  of  the  quantity 
measured  and  shall  be  less  than  1  percent  of  the  air  flow 
rate  through  the  furnace.  If  a  combustible  tracer  gas  is 
used,  there  should  be  a  delay  period  between  the  time 
the  unit  is  shut  off  and  the  time  the  tracer  gas  is  first 
injected  to  prevent  ignition  of  the  tracer  gas. 

Between  5  and  6  minutes  after  the  unit  is  shut  off  to 
start  the  cool-down  test,  the  percent  volumetric  concen¬ 
tration  of  tracer  gas,  Cr,  in  the  flue  gas  and  the  flue  gas 
temperature,  Tr,  ovv,  shall  be  measured  in  the  center  of 
the  flue  pipe  on  the  furnace  (boiler)  side  of  the  draft 
regulator  and  not  more  than  12  inches  from  the  furnace 
flue-gas  outlet.  In  addition,  the  barometric  pressure  shall 
also  be  determined.  A  single  bead-type  thermocouple, 
not  larger  than  No.  24  AWO.  shall  be  U9ed  to  make  the 
temperature  measurement.  The  concentration  of  tracer 
gas  shall  be  obtained  using  an  instrument  which  will 
result  in  an  accuracy  of  ±2  percent  in  the  value  of  Cr 
measured  and  may  be  either  a  batch  or  continuous  read¬ 
ing  type  instrument.  If  the  sampling  arrangement  for 
the  instrument  results  in  a  delay  time  between  drawing 
of  a  sample  and  its  analysis,  this  delay  should  be  taken 


into  account  so  that  the  temperature  measurement  and 
the  measurement  of  tracer  gas  concentration  coincide. 

The  rate  of  the  Hue  gas  mass  flow  through  the  furnace 
and  the  factors  Dr,  Dr.  and  Da  are  calculated  by  the 
equations  in  section  4.4  of  this  Appendix. 

4.0  Calculation  or  Derived  Results  From  Test 
Measurements 

4.1  Annual  Fuel  Utilization  Efficiency  for  Electric 
Furnaces  and  Boiler* 

The  annual  fuel  utilization  efficiency  for  electric 
furnaces  and  boilers.  EFFYa-s.  is  given  by: 

EFFY i-a= 100  (for  indoor  units) 

/  n  Vi  k  100-3 .3  /.,  (for  electric  forced  air  central 
furnaces  intended  for  outdoor 
installation) 

/•.>’FT'«-*=100— 4.7 /.,  (for  electric  boilers  intended 
for  outdoor  installation) 

where  /.*  =  lhe  jacket  loss  as  determined  in  section 
3.4  of  this  Appendix. 

4.2  .-Inn nal  Fuel  l  tilizalion  Efficit  ncy  for  tia*  or  Oil 

Fur  line  a 

The  following  calculations  are  to  lie  performed  to 
determine  the  annual  fuel  utilization  of  a  gas  or  oil 
furnace.  Figure  10  provides  an  illustration  of  a  work¬ 
sheet  which  may  lie  used  to  tabulate  the  results  of  test 
measurements  and  calculations. 

4.2.1  System  number 

Determine  the  system  number  for  the  ty|ie  of  furnace 
being  tested  in  accordance  with  Table  1  or  2. 

4.2.2  Ratio  of  combustion  air  to  stoichiometric  air 
Determine  the  ratio  of  combustion  air  to  stoichimetric 

air,  Kt.  r.  from  Figure  1  for  the  test  fuel,  by  using  the 
value  of  dry  flue  gas  CO»  concentration  Xcor  r,  deter¬ 
mined  iu  accordance  with  sections  3.1  and  3.2  of  this 
Appendix. 

4.2.3  Ratio  of  comlmstion  and  relief  air  to  stoichio¬ 
metric  air 

For  systems  1.  2,  5,  or  6  employing  an  integral  draft 
diverter,  determine  the  ratio  of  the  sum  of  combustion 
and  relief  air  to  stoichiometric  air,  Hr  s.  from  Figure  1 
for  the  type  of  test  fuel,  by  using  the  value  of  dry  stack 
gas  CO?  concentration,  AYoj.  a.  determined  in  accordance 
with  section  3.1  of  this  Appendix. 

4.2.4  Average  sensible  treat  loss  at  full-load  steady 
state  operal  ion 

For  systems,  1,  2,  5,  or  6  employing  an  inttgral  draft 
diverter,  determine  the  average  sensible  heat  loss  at  full- 
loM  steady-state  operation.  La.  a.  a.  a.  expressed  as  a 
percent,  from  Figure  2  using  the  value  of  Hr. a  determined 
in  4.2.4,  the  type  of  test  fuel,  and  A'/'*,  as. 

Where 

A  7V  ,s.s  —  Ts,  aa,  x —  70. 

where 

Ta,  aa,  j  =  measured  stack  gas  temperature  at  full- 
load  steady-state  operation  determined  in 
accordance  with  section  3.1  of  this  Ap¬ 
pendix,  in  degrees  Farenheit 
70=  assumed  indoor  average  conditioned  air 
temperature,  in  degrees  Farenheit 
For  systems 3.  4,  or  7  through  12,  or  systems  1, 2, 5,  or  6 
employing  a  draft  hood,  determine  the  average  sensible 
heat  loss  a  full-load  steady-state  operation,  La.  aa.  a, 
expressed  as  a  percent,  from  Figure  2  using  the  value  of 
Br.r  determined  in  4.2.2,  the  type  of  test  fuel,  and 
A  Tr.ra, 

where 

^  T r, as  — Tr,ss~ 70 

where 

7>,  ss=flue  gas  temperature  at  full-load  steady- 
state  operation  determined  in  accordance 
with  section  3.1  of  this  Appendix,  in  degrees 
Fahrenheit 
70= as  defined  above 

4.2.5  Steady  state  efficiency 

Calculate  the  steady-state  efficiency  (excluding  jacket 
loss),  v  aa,  expressed  in  percent  and  defined  as 

V8S=  100  —  Ll.  a~ Ls.  as.  A 

where 

I-L.  a  =  average  latent  heat  loss  of  the  test  fuel 
determined  in  accordance  with  Table  3, 
in  percent. 

La.  as.  a  =  as  defined  in  4.2.4 

4.2.6  Average  ratio  of  stack  gas  mass  flow  rate  to  flue 
gas  mass  flow  rate  at  full-load  steady-state  opera¬ 
tion 

Determine  the  average  ratio  of  stack  gas  mass  flow 
rate  to  flue  gas  mass  flow  at  full-load  steady-state  opera¬ 
tion,  Sir,  from  Table  1  or  2  for  the  system  number  to 
be  tested. 

4.2.7  Equivalent  field  stack  gas  temperature  at  full¬ 
load  steady-state  operation 

Calculate  the  equi valent  field  stack  gas  temperature  at 
ull-load  steady-state  operation,  Ta.  as,  expressed  in 
degrees  Fahrenheit  and  defined  as: 

Ta  [7V  33—701  +  70, 


where 

Tr.  aa  as  defined  in  4.2.4 
70  as  defined  in  4.2.4 
Sir  as  defined  in  4.2.6 

4.2.8  On-cycle  time  constant. 

Calculate  the  on-cycle  time  constant,  t\,„,  expressed  in 
minutes  and  defined  as: 

Tr.aa—Tr.au(ti) 

Tr  aa—  Tr  ,«(M 

where 


] 


for  furnaces:  ti=0  5  minutes 
f:  =  2.5  minutes 
for  boilers:  ft= 1.0  minutes 
t  j=5  5  minutes 

Tr.  o«(ti)  =  flue  gas  temperature  measured  at  time 

(fi)  from  a  cold  start-up  of  the  system 
burner  determined  in  accordance  with 
section  3  3  of  this  Appendix,  in  degrees 
Fahrenheit. 

Tr.  =flue  gas  temperature  measured  at  the  time 

(fj)  from  a  cold  start-up  of  the  system 
burner  determined  in  accordance  with  sec¬ 
tion  3.3  of  this  Appendix,  in  degrees 
Fahrenheit  as  defined  in  4.2.4, 

Tr.  aa 

4.2.9  F.ffective  flue  gas  temperature  difference  at  start¬ 
up 

Calculate  the  effective  flue  gas  temperature  difference 
at  start-up  of  the  system  burner,  fr.o.x.  expressed  in 
degrees  Fahrenheit  and  defined  as: 

Or.o.x  =  [Tr.as—  7Vo»0i)l4T““ 

where 

Tr.aa  as  defined  In  4.2.4 

7>.„„(f,)  as  defined  in  4.2.8 

ft  as  defined  in  4.2.8 

Ta%  as  defined  in  4.2.8 


4.2.10  Off-cycle  time  constant 

Calculate  the  off-cycle  time  constant,  r0»,  expressed 
in  minutes  and  defined  as: 

t*~t * 

Tr. orv  (<j>  —  Tr, ort\<a> 

7'r.orr  (tj  —  Tr.om*) 

where 

for  furnaces:  fj=  1.5  minutes 
f»=9.0  minutes 
for  boilers:  fj=3.75  minutes 
(4=22.5  minutes 
Tr  orr(f!>  =  tlue  gas  temperature  measured  at  time 
((>)  after  shut-down  from  steady-slate 
operation  of  the  system  burner  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degrees  Fahrenheit. 
Tr  orr(f<)  =  flue  gas  temperature  measured  at  time 
(fi)  after  shut-down  from  steady-state 
operation  of  the  system  burner  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degrees  Fahrenheit. 
-  Tr.  orr(*)  =  minimum  flue  gas  temperature  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degrees  Fahrenheit. 

4.2.11  F.ffective  flue  gas  temperature  difference  at  shut¬ 
down 

C alcul&te  the  effective  flue  gas  temperature  difference 
at  shut-down  of  the  system  burner,  +r.  o,  x.  expressed  in 
degrees  Fahrenheit  and  defined  as: 

0 

tr.o.x=[Tr.orr(t*)  —  Tr  off(  00  )  1  c’'*'1 

where 

Tr.  orr(tj)  as  defined  in  4.2.10 

Tr.  ofi( 00 )  as  defined  in  4.2.10 

(>  as  defined  in  4.2.10 

roil  as  defined  in  4.2.10 

4.2.12  Minimum  flue  gas  temperature  difference  above 

room  temperature  * 

Calculate  the  minimum  flue  gas  temperature  difference 
above  room  temperature,  *r.  ®.  x.  expressed  in  degrees 
Fahrenheit  and  defined  as: 

tr,  m .  x—  Tr,  orr( 00  )  —  70, 

where 

T r.  orr(w)  as  defined  in  4.2.10  =- 

70  as  defined  in  4.2.4 

4.2.13  Minimum  stack  gas  temperature  difference  above 
room  temperature 

Calculate  the  minimum  stack  gas  temperature  dif¬ 
ference  above  room  temperature,  ®.  x  expressed  in 
degrees  Fahrenheit  and  defined  as: 

For  systems  numbered  1-4: 


1 h 


(Dp)  (l h.ro.x) 
■”X-  (Sir)  (Da) 
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where 

Z>r= Off-cycle  flue  gas  draft  factor  selected  from 
Table  1  or,  for  units  with  power  burners 
where  Dp  is  measured,  determined  in 
accordance  with  section  4A.2  of  this  Ap¬ 
pendix,  in  degrees  Fahrenheit. 
7>s=Off-cyele  stack  gas  draft  factor  selected 
from  Table  1  or,  for  units  with  power 
burners  where  Dp  is  measured,  determined 
in  accordance  with  section  4.4.3  of  this 
Appendix,  in  degrees  Fahrenheit. 

-  S,>=as  defined  in  4.2.6 

4/r.  at,  x=as  defined  in  4.2.12 
for  systems  numbered  5-8; 

t  a .  oo ,  x  —  tr.  oo ,  x 

where 

ir.  oo.  t  as  defined  in  4.2.12 

4.2.14  Effective  stack  gas  temperature  difference  at 
shut-down. 

Calculate  the  effective  stack  gas  temperature  difference 
at  shut-down,  <ta,  o.  x,  expressed  in  degrees  Fahrenheit 
and  defined  as: 
for  systems  numbered  1-4: 

.  __  ( Dr )  (ir.o.  x) 

(S/,)(Dfl) 

where 

Dp  as  defined  in  4.2.13 

o.i  as  defined  in  4.2.11 

Sfr  as  defined  in  4.2.6 

Da  as  defined  in  4.2.13 

for  systems  numbered  5-8: 

&r,  o.x='t'r.  o.x 

where 

4/r.  o.i  as  defined  in  4.2.11 


am  as  defined  fit  4.2.? 

Dp  as  defined  in  4.2.11 
AT*.  o.  as  defined  in  4.2.H1 
460  as  defined  in  4.2.17 
42  as  defined  in  4.2.15 

4.2.18  Multiplication  factor  for  infiltration  loss  during 
burner  on-cycle 

Calculate  a  multiplication  factor  for  infiltration  loss 
during  burner  on-oycle,  A'/,  ...  defined  as:  for  systems 
numbered  1-8; 

Kt.  a m=(+)(Sfr)(Ka.M) 

where 

4=0.7,  infiltration  parameter 
Sr  as  defined  in  4.2.6 
Ka,  on  as  defined  in  4.2.16 

4.2.19  Multiplication  factor  for  infiltration  loss  during 
burner  off-cycle 

Calculate  a  multiplication  factor  for  infiltration  loss 
during  burner  off-cycle  Kr,  orr,  defined  as:  for  systems 
numbered  1-8: 


Kj,  OFF  = 


( Ta. M  +  460 )"»(Kr,  *)(£<,) 


(Ts.sb- 42)*-“ 

where 

Ta,  a*  as  defined  in  4.2.7 
460  as  defined  in  4.2.17 
42  as  defined  in  4.2.15 

Ki,  on  as  defined  in  4.2.18 
Da  as  defined  in  4.2.13 


4.2.30  Ratio  of  average  burner  on-time  per  cycle  to 
on-cycle  time  constant. 

Calculate  the  ratio  of  average  burner  on-thne  per  cycle 
to  on-cycte  time  constant,  to»/vo»,  defined  as: 


tom 


4.2.15  Correction  factors  tor  direct  vent  systems 
Calculate  a  correction  factor  which  corrects  for  the  use 
of  outdoor  air  for  combustion  instead  of  air  at  room 
temperature,  Ca,  defined  as 


where 

42 

’/>. 

70 


CS=1  + 


(70— 42)iyss 
(IV  a,- 70) 


100 


= average  outdoor  temperature  corresponding 
to  5200  degree  day  location,  in  degrees  F arenheit 
as  defined  in  4.2.5 
aa  as  defined  in  4.2.7 
as  defined  in  4.2.4 


The  correction  factor  which  corrects  for  the  effect  of 
outdoor  air  passing  through  the  heat  exchanger  during 
the  off-period,  C,  a,  is  defined  as: 

CV=  1.22 


4.2.16  Multiplication  factor  for  sensible  heat  loss  during 
burner  on-eye le 

Calculate  a  multiplication  factor  for  sensible  heat 
loss  during  burner  on-cycte,  Ka,  ...  defined 

T—  100Cp[l+  ( Rr.  r)(A/r)] 

hhva 

where 

0=0.24  BTU  per  pound— degree  Fahrenheit, 
specific  beat  of  air 
Rr,  r  as  defined  in  4.2.2 

A/p= stoichiometric  air, -fuel  ratio  determined*  in 
accordance  with  Table  3 

llin’a  average  higher  heating  value  of  the  test 
fuel  determined  in  accordance  with  Table  3, 
in  Btu’s  per  pound. 

4.2.17  Multiplication  factor  for  sensible  heat  loss  during 
burner  off-cycle 

Calculate  a  multiplication  factor  for  sensible  heat 
loss  during  burner  off-cycle,  Ka,  off  defined  as: 
lor  system  numbered  1  4: 


K, 


_  (  T,  ss+4C>0)"'(Dr )  ( KS  oa) 
OFF_  (7V.*,- 70)*-* 


Where 

460= conversion  factor  to  convert  degrees  Fahren¬ 
heit  to  degrees  Rankine 
Tp,  aa  as  defined  in  4.2.4 
,  70  as  defined  in  4.2.4 

Dr  as  defined  in  4.2.13 
Ka,  on  as  defined  in  4.2.16 
for  systems  numbered  5-8: 


Ks.  OFF  — 
where 


(7V.<«+460)1-1*(Z),s)(5/p)  (Ks,  on) 
(TVsg-42)*" 


Ta.  sa  as  defined  in  4.2.7 
Da  as  defined  in  4.2.13 
Sfa  as  defined  in  4.2.6 
Ka.  on  as  defined  in  4.2.16 

4*6  as  defined  in  4.2.17 
.  42  as  defined  in  4.1.15 

or  systems  numbered  6-12: 


Ks.  OFF  = 


(rs.gs-f460)»»»(z?g)(jrs,a.) 

iYss-42)*-** 


where 

far  furnaces: 

to. =3.87  minutes,  the  average  burner  on-thne  per 
cycle,  based  on  5  cycles  per  hour  at  hall  load, 
far  boilers: 

to>=9.68  minutes,  the  average  burner  on-time  per 
cycle,  based  on  2  cycles  per  hour  at  half  load. 

To»  as  defined  in  4.2.8 

4.2.21  Ratio  of  average  burner  off-time  per  cycle  to  off- 
cycle  time  constant 

Calculate  the  ratio  of  average  burner  off-time  per 
cyeie  to  etf-cydc  time  constant,  Uttfrott,  defined  as: 

*oft 


where 
for  furnaces: 

tsff=13.3  minutes,  the  average  burner  off-time  per 
cycle,  based  on  5  cycles  per  hour  at  half  load, 
for  boilers: 

(on  =33. 26  minutes,  the  average  burner  off-time  per 
eyele,  based  on  2  cycles  per  hour  at  half  load. 
v0ff=as  defined  in  4.2.  Ml 

4.2.22  Effective  flue  gas  tempera! are  difference  at 
burner  start-up,  corrected  far  burner  cycling 
effect 

Calculate  the  effective  flue  gas  temperature  difference 
at  burner  start-up.  corrected  for  burner  cycling  effect, 
0p,o  expressed  in  degrees  Fahrenheit  and  defined  as: 
when 

(^on/Von)  ^  (^off/foff) 

for  systems  numbered  1-8: 

0f.oz=0f,ojx 
for  systems  numbered  9-12: 

0p.o=  (Cs)(0r.o.x) 

when 

(  ^onFon  )  ^  (  ^off/v  off  )  > 

for  systems  numbered  1-8: 

( 

0f.o—0f.o.x\  1  — e  T*"/ 

for  systems  numbered  9-12: 


0f,o  =  (Cs)  (Of.  o.x) 

where 

to  Jt„  as  defined  in  4.2.20 
toff/Toff  as  defined  in  4.2.21 
6  w,o,  x  as  defined  in  4.2.9 

Ca  as  defined  in  4.2.15 
4.2.23  Effective  flue  gas  temperature  difference  at  burner 
shut-down,  correct ed  for  burner  cycling  effect 
Calculate  the  effective  flue  gas  temperature  difference 
at  burner  shut -down,  corrected  for  burner  cycling  effect, 
+r,o,  wheu 

(too/ 1" on)  is  (l»tf/roff)  • 


w  tyst  ems  numDerea  l-*: 


4>f.o=(^w  ».i)0  —  «  T**) 


r  system*  numbered  9-12: 


when 


'J'F.O  =  (Cs')(+F .0.  x)(l  —  t  T**) 


(tmJTo o)  (^aff/foff  ) 
for  systems  numbered  1-8: 


^F.  O  =  ^F.  O.  X 
for  systems  numbered  9-12: 

't'F,o=if(Csf)(r.o.x} 

where 

Uu/Tou  as  defined  in  4.2.20 
fou/Totf  as  defined  in  4.2.21 
dr,o,x  as  defined  in  4.2.11 
Cs"  as  defined  in  4.2.15 

4.2.24  Effective  minimum  llue  gas  temperature  differ¬ 
ence  above  room  temperature,  corrected  for 
burner  cycling  effect 

Calculate  the  effective  minimum  flue  gas  temperature 
difference  above  room  temperature,  4ap,m,  corrected 
for  burner  cycling  effect,  expressed  in  degrees  Fahrenheit 
and  defined  as: 
for  systems  numbered  1-8: 


1 Pw.  m  =  'I'F.  oo  O.X. 
for  systems  numbered  9-12: 

+F.  m  =  (Cs)(+F.  o».x) 

Cd  as  defined  in  4.2.15 
4>r,  oo ,  x  as  defined  in  4.2.12 

4.2.28  Effective  stack  gas  temperature  difference  at 
burner  shut-down,  corrected  for  burner  eycling 
effect 

Calculate  the  effective  stack  gas  temperature  differ¬ 
ence  at  burner  shut-down,  corrected  for  burner  eycling 
effect,  o,  siprmsed  in  degrees  Fahrenheit  and  defined 


(<*/T»)<(W^f) 

for  systems  numbered  1-8: 


*h,  o='h.o,  x\l— «  T<” 

when 

for  systems  numbered  1-8: 

1 Ps.o  =  <Ps,  o,  x 

Where 

U.n  as  defined  in  4.2.20 
W,-ff  as  defined  in  4.2.21 
ia,  o.x  as  defined  in  4.2.14 

4.2.28  Off-cycle  sensible  heat  loss  integration  foe  tors 
For  systems  numbered  1-4,  determine  oll-cyele  sensi¬ 
ble  heat  loss  integration  factors,  F3  and  F4,  from  Figures 
3  and  4,  respectively,  using  values  of  +r.  o  defined  in 
sertion  4.2.23,  and  Unit,,,  defined  in  section  4.2.21. 

For  systtms  numtiered  5-12,  determine  otf-cyele  sen¬ 
sible  heat  loss  integration  factors,  F5  and  F6,  from  Fig¬ 
ures  5  and  6,  respeetively,  using  values  of  dr.a  defined 
in  section  4.2.23,  and  Unit.,,  delinec  in  section  4.2.21. 

4.2.27  Off-cycle  infiltration  heat  loss  integration  factors 
For  systems  numbered  1-8.  determine  off-cyele  infil¬ 
tration  heat  loss  integration  factors,  F7  and  F8,  from 
F'igures  7  and  9,  respectively,  using  values  of  4*.  o  de¬ 
fined  in  section  4.2.25,  and  t„«r/,o„  defined  in  section 
4.2.21. 

4.2.28  Ou-oele  sensible  lieat  loss 

Calculate  the  on-cyvle  sensible  heat  less  at  tbe  system, 
Aa  on.  expressed  in  percent  and  defined: 

for  systems  numbered  1-8: 

I'S.  on  —  I'S.SS  — 

for  systems  numbered  9-12: 

i»,«=(C|)(l9,M,/i)“ 


FEDERAL  REGISTER,  VOL.  42,  NO.  155 — THURSDAY,  AUGUST  11,  1977 


PROPOSED  RULES 


40835 


where 

Ca  as  defined  In  4.2.15 

La.  aa.  a  as  defined  in  4.2.4 
Ka.  o.v  as  defined  in  4.2.16 
Sr.  o  as  defined  in  4.2.22 
to  Jr  OK  as  defined  in  4.2.20 

4.2.29  Off-cycle  sensible  heat  loss 

Calculate  the  off-cycle  sensible  heat  loss  of  the  system, 
La.  orr  expressed  in  peroent  and  defined  as: 
for  syst  ems  numbered  1-4: 

Ls.  orF=  ( Ks.  o,w)(j£)(F3)  +  (+,.  „)(F4), 

for  systems  numbered  5-12: 

Ls.  OFF=  (Ks.  off) 5)  +  Ur.  -)(F6), 
where 

Ks.  orr  as  defined  in  4.2.17 

foil  as  defined  in  4.2.21 

ton  as  defined  in  4.2.20 

F3,  Ft,  F5,  and  F6  as  defined  in  4.2.26 
4>r.  on  as  defined  in  4.2.24 

4.2.30  On-cycle  infiltration  heat  loss 

Calculate  the  on-cycle  infiltration  heat  loss  of  the 
system,  Li.  on,  expressed  in  percent  and  defined  as: 
for  systems  numbered  1-8: 

Li.  on  =  K /,  on  ( 70-42 ) , 

where 

Ki,  on  as  defined  in  4.2.18 
70  as  defined  in  4.2.4 
42  as  defined  in  4.2.15 
for  systems  numbered  9-12: 

Li.  on  =  0 

4.2.31  Off-cycle  infiltration  heat  loss 

Calculate  the  off-cycle  infiltration  heat  loss  of  the  sys¬ 
tem  Li, orr.  expressed  in  percent  and  defined  as: 
for  systems  number  1-8: 

Li  .off  ~ 

Ki  off(70-42)(^)(F7) +  (*,..  x)(F8) 

where 


Kfi.orr  as  defined  in  4.2.19 
70  as  defined  in  4.2.4 
42  as  defined  in  4.2.15 
l„n  as  defined  in  4.2.21 
ton  as  defined  in  4.2.20 
FI,  FH  as  defined  in  4.2.27 
if  a, oo, x  as  defined  in  4.2.13 

for  systems  numbered  9-12: 

Li.  off  =  0 

4.2.32  Part-load  fuel  utilization  efficiency 
Calculate  the  part-load  fuel  utilization  efficiency, 

expressed  in  percent  and  defined  as: 

for  indoor  units: 

*?»=  100—  Ll,  a  — 

[Lg. on -\-Ls. off 

+  Li.  on  +  Li.  off] 


lor  outdoor  units: 


.  Vis 


„M=100 -Ll.s-CAL,)- 


C,=3.3  for  furnaces  intended  to  be  installed  out¬ 
doors 

4.7  for  boilers  intended  to  be  installed  outdoors 
Qr=  pilot  flame  fuel  input  rate  determined  in  ac¬ 
cordance  with  section  3.2  of  this  Appendix, 
in  Btu’s  per  hour 

Qis=  full-load  input  rate  (including  pilot  flame  fuel 
input  rate)  determined  in  accordance  with  sec¬ 
tion  3.1  of  this  Appendix,  in  Btu’s  per  hour 
L,=  jacket  loss  determined  in  accordance  with 
section  3.4  of  this  Appendix,  in  percent 
Li.,  a  as  defined  in  4.2.5 
t on  as  defined  in  4.2.20 
torr  as  defined  in  4.2.21 
La, on  as  defined  in  4.2.28 
La, orr  as  defined  in  4.2.29 
/./.on  as  defined  in  4.2.30 
Li, orr  as  defined  in  4.2.31 

4.2.33  Annual  fuel  utilization  efficiency 
( 'alculate  f  he  annual  hjel  utilization  efficiency ,  EFFYA 
defined  as: 


effya= 

_ (*«.)(»».)  (5200) _ 

(n»)  (5200)  +  (2.5)  (*.)  (1.7)  (4600) 

where 

5200= the  average  number  of  annual  heating  degree 
days  for  the  United  States 

4600= the  average  number  of  non  heating  season  hours 
per  year  that  the  energy  to  the  pilot  light  is 
assumed  wasted 

1.7=average  furnace  sizing  factor 
ess = as  defined  in  4.2.5 
n.=as  defined  in  4.2.32 
Qe=as  defined  in  4.2.32 
Q/.v= as  defined  in  4.2.32 

4.3  Additionnl  Requirement)  for  Furnace)  Ctilicing  a 
Stack  (or  flue)  Damper. 

Calculate  the  automatic  stack  (or  flue)  damper  effec¬ 
tiveness,  D.,  defined  as: 
when 

Ad  cos  $>0.59  /Is: 


Ad  cos  $<0.59 


Ar^cos  $ 
As 


J 


Do—  1, 

where 

/ls=cross  sectional  area  of  the  stack  determined  in 
accordance  with  section  3.5  of  this  appendix,  in 
square  inches 

-4o=net  area  of  the  damper  plate  determined  in 
accordance  with  section  3.5  of  this  appendix,  in 
square  inches 

*  =  the  angle  the  damper  plate  makes  when  closed 
with  a  plane  perpendicular  to  the  axis  of  the 
stack 

4.4  Additional  Requirements  for  Furnace)  I’tilicinq 
Indoor  Air  for  Combustion  and  Draft  Control. 

For  units  obtaining  combustion  air  and  draft  control 
air  from  inside  the  residence,  the  appropriate  factor 
describing  the  ratio  of  on-cycle  stack  flow  to  on-cycle  flue 
flow  (S/F),  the  ratio  of  off-cycle  flue  flow  to  on-cycle 
flow  at  identical  temperatures  (Dr),  and  the  ratio  of 
off-cycle  stack  flow  to  on-cycle  stack  flow  at  identical 
temperatures  (Da)  shall  be  determined  from  Table  1. 

4.4.1  Optional  procedure  for  determination  of  Dr  for 
furnaces  or  boilers  employing  a  power  burner 
Calculate  the  ratio  (Dp)  of  the  rate  of  flue  gas  mass 
flow  through  the  furnace  or  boiler  duriug  the  off  period. 
mr.  orr  ( Tr,  as),  to  the  rate  of  flue  gas  mass  flow  during 
the  on-period,  mr,  aa  (Tr,  aa),  and  defined  as: 

n  *t>f.off(  Tr.set) 

1  R'r.  ss(  Tr,  ss) 


where 


wig.  off(  Tr.ss)  off(  Tr,  off)' 

"  gy.M— 42  -1° r7V,  OFF + 460-1' » 
L.7V,off  —  ^2j  L  Tr,  *8  +  460  J 


where 

Tr.  aa  =as  defined  in  4.2.4 

Tr.  on -Hue  gas  temperature  during  the  off-period 
measured  in  accordance  with  section  3.6  of 
this  Appendix,  in  degrees  Fahrenheit 


where 


twp.  ofk(  Tr. off) 


100Vrr 

~cTp'- 


V'r  =  flow  rate  of  tracer  gas  1 1  trough  the  furnace  measured 
in  accordance  with  section  3.6  of  this  Appendix,  in 
cubic  feet  per  minute 

Cr= concent  rat  ion  by  volume  of  tracer  gas  present  in 
the  flue  gas  sample  measured  in  accordance  with 
section  3.6  of  this  Appendii,  in  percent 


1.325  P„ 

Pr  460+ Ty,  off 

where 

Tr.orr  as  defined  above 

Pa  =  barometric  pressure  measured  in  accordance 
with  section  3.8  of  this  Appendix,  in  inches  of 
mercury 

ihr.ssi  7,r.3.‘»)  =  ^(/?r.F)^^+ 


where 

Rr.r  as  defined  in  4.2.3 

AIF  as  defined  in  4.2.16 

Q,o  as  defined  4.2.32 

HHVa  as  defined  in  4.2.16 


4.4  2  Optional  procedure  for  determination  of  off-cycle 

draft  factor  for  flue  gas  flow  for  furnaces  or  boilers 
employing  a  power  burner 

Calculate  the  off-cycle  draft  factor  for  flue  gas  flow. 
Dr,  defined  as 

for  systems  numbered  2,  4  or  10:  Dp=Dp, 
for  system  number  12:  Dr  =  (Dr)  (Do), 
where 

Dr  as  defined  in  4.4.1 
Do  as  defined  in  4.3 

4.4.3  Optional  procedure  for  determination  of  off-cycle 
draft  factor  for  stack  gas  flow  for  furnaces  or 
boilers  employing  a  power  burner 
Calculate  the  off-cycle  draft  factor  for  stack  gas  flow, 
Da,  defined  as: 

for  system  number  2:  D*=Dp-f0.65 
for  system  num  tier  4 :  Da = Dr+  .40; 
for  system  number  8:  Da  =  (Dr)  (Do), 
where 

Dr  as  defined  in  4.4.1 
Do  as  defined  in  4.3 

4.5  Additional  Requirement >  for  Furnace)  ItUicinq  a 
Direct  Vent  System 

For  furnaces  utilizing  a  direct  vent  system  or  intended 
for  outdoor  installation,  the  appropriate  S,'F  factor 
and  Dr  factor  shall  be  determined  from  Table  2.  If 
a  unit  is  equipped  with  a  power  burner.  Dr  may  be 
calculated  using  the  value  of  Dr  determined  in  section 
4.4.1  of  this  sectionjga 

4.6  AdditionaFffFFement) fur  Furnaces  Which  Modu'ate 
or  l  dry  Fuel  Input  W  ithout  Controlling  Kite)) 
Combustion  Air 

A  furnace  which  is  equipped  with  a  mechanism  for 
reducing  the  rate  of  fuel  input  but  does  not  provide  a 
means  for  controlling  excess  combustion  air,  shall  lie 
tested  at  its  maximum  tiring  rate  in  accordance  with  test 
procedures  in  section  3.  These  test  results  shall  be  used  to 
calculate  a  seasonal  efficiency  and  an  annual  operating 
cost  which  is  based  upon  a  single  fixed  fuel  input  rate. 

4  7  National  Average  Number  of  Burner  Operating  Hours 
Calculate  the  average  number  of  burner  operating 
hours,  BOH,  defined  as 

BOH=(A)  (2080)  (design  heating  requirement)  —  B, 
where  * 


2080- national  average  annual  heating  load  hours 
design  heating  requirement  =  ^ 

where 

0.5=  approximate  value  for  the  ratio  of  steady  slate 
efficiency  to  100  times  the  average  furnace 
sizing  factor 

1000=  conversion  factor  to  convert  Btu’s  per  hour  to 
kilo-Btu’s  per  hour 
Qin  as  defined  in  4.2.32 

_ 100.000 

(341,300)  (PE- 4-*  BE)+«I,n-tdr)  „ 

B=  (0.0416)  (Qr)  (*.)  (A) 

PE=  power  burner  electrical  energy  input  rate  at 
full-load  steady-state  operation  determined  iu 
accordance  with  section  3.1  of  this  Appendix, 
in  kilowatts. 

BE=  Circulating-air  blower  (or  circulating-water 
pump)  electrical  energy  input  rate  at  full-load 
steady-state  operat  ion  determined  in  accordance 
with  section  3.1  of  this  Appendix,  in  kilowatts 
y=  1.38  for  furnaces 

1.00  for  boilers  or  furnaces  employing  a  single 
motor  to  drive  a  power  burner  and  air  circulat¬ 
ing  fan  or  blower,  the  ratio  of  average  blower  or 
pump  on  time  to  average  burner  on  time 
Q/.v  as  defined  in  4.2.32 

Qr  as  defined  in  4.2.32 

if.  as  defined  in  4.2.32 


4.8  Average  Annual  Fuel  Energy  Consumption  for  (las 
or  Oil  Fueled  Furnaces  or  Boilers 
Calculate  the  average  annual  fuel  energy  consumption 
for  gas  or  oil  fueled  furnaces  or  boilers,  Er,  expressed  in 
Btu’s  per  year,  and  defined  as: 


F>=  Qt*-(Qr)(BOir>+iH7fiO)(Qr), 

where 

Qis  as  defined  in  4.2.32 
Qr  as  defined  in  4.2.32 
BOH  as  defined  in  4.7 
8760=total  number  of  hours  in  a  year 

4.9  Average  Annual  Auxiliary  Electrical  F.nergy~Vm\- 
aumption  for  Ueis  or  Oil  Fueled  Furnace »  or  Boilers 
’  Calculate  the  average  annual  auxiliary  electrical 
energy  consumption,  Eas.  expressed  in  kilowatt-hours 
per  year  and  defined  as: 
where 

EAa=(PE+yBf)(BOH) 

PE  as  defined  in  4.7 
BE  as  defined  in  4.7 
y  as  defined  in  4.7 
BOH  as  defined  in  4.7 
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4.10  Average  Annual  Electric  Energy  Consumptt on  for 
Electric  Furnaces  or'BoHero 

Calculate  the  average  annual  electric  energy  consump¬ 
tion  for  electric  furnaces  or  bailers.  Em,  expressed  in 
kilowatt-hours  per  year,  and  defined  as: 

„  ( 100 )  ( 2080 )  ( design  healing  requirement )  „ 

E*~  EFFYa-b  ~ 


4J0  Average  Annual  Fuel  Energy  Contumplion  /hr  flat 
or  Oil  Furnaeet  or  Bailor*  by  Geographic  Region  of 
the  United  State!  far  the  Manama  Standardized 
Design  Heating  Reqwkmmewt 
Calculate  the  average  annual  tael  energy  consumption 
by  geographic  region  of  the  United  States  for  the  maxi¬ 
mum  design  heating  requirement,  Er,  b-u ax,  expressed 
»  Butt’s  per  year  and  defined  as: 


100= con  version  factor  to  convert  percent  to  decimal 
fraction 

.  (£«)(  0.5) 

(design  heating  requirement)  =  £  iqoq~ 


Where 

E,m 

-  electric  power  input  measured  in  accord¬ 

0.5 

ance  with  section  3.1.7  »f  this  Appendix 
as  defined  in  4.7 

1000 

as  defined  in  4.7 

2080 

as  defined  in  4.7 

EFFYa- 

-b  as  defined  in  4.1 

4.11  Average  Number  of  Burner  Operating  Hour *  in 
Different  Geographic  Region*  of  the  United  State t 
Calculate  the  average  number  of  burner  operating 
hours  by  geographic  region  of  the  United  States,  BOHr, 

defined  as: 

BOHr={HLH)  (design  heating  requirement)  —B, 
where 

//!//=  heating  load  hours  for  a  specific  geographic 
region  determined  in  accordance  with  the 
heating  load  hour  map  in  Figure  9 

OHHlH-HAlCQrKov) 

100,000 

Where 

HLH  as  defined  above 
A  as  defined  in  4.7 
Qp  as  defined  in  4.2.32 
as  defined  in  4.2.32 

Design  heating  requirement  as  defined  in  4.7 


(100)  (HLH) 


4.12  Average  Annual  Fuel  Energy  Contuanphon  for  Gat 

or  Oil  Fueled  Furnaeet  or  Bailor*  by  Geographic4 
Region  of  the •  United  State* 

Calculate  the  average  annual  fuel  energy  consumption 
by  geographic  region  of  the  United  States,  Er,  *.  expressed 
in  Btu’s  per  year,  and  defined  as: 

Er,  R=(Qm-Qp)(BOHR)  +  (8760)  (QP), 

where 

Q in  as  defined  in  4.2.32 

Qp  as  defined  in  4.2.32 

BOHr  as  defined  in  4.11 
8760  as  defined  in  4.8 

4.13  Average  Annual  Auxiliary  Electrical  Energy  Con¬ 
sumption  for  Gao  or  Oil  Fueled  Furnaeet  or  Boiler t 
by  Geographic  Region  of  the  United  State t 

Calculate  the  average  annual  auxiliary  electrical 
energy  consumption  by  geographic  regions  of  the  United 
States,  E.it.n  expressed  in  kilowatt-hours  per  year  and 
defined  as: 

EABR  =  (PE  +  yBE)  ( DOHr ), 

where 

PE  as  defined  in  4.7 

BE  as  defined  in  4.7 
Y  as  defined  in  4.7 

BOHr  as  defined  in  4.11 

4.14  Average  Annual  Electric  Energy  Consumption  for 
Electric  Furnaeet  or  Boiler t  by  Geographic  Region 
of  the  United  State! 

Calculate  the  average  annual  electric  energy  consump¬ 
tion  by  geographic  region  of  the  United  States,  Eg  K 
expressed  in  kilowatt-hours  per  year,  and  defined  as! 


(design  heating  requirement)  „ 
(  EFFYa-b)  * 


Where 

100  as  defined  in  4.10 

HLH  as  defined  in  4.11 

(design  heating  requirement)*  as  defined  in  4.10 

EFFYa-b  as  defined  in  4.1 

4.15  Minimum  Standardized  Detign  Heating  Requirement 
Calculate  the  minimum  standardized  design  heating 
requirement,  DHRttis.  expressed  in  Btn’s  per-hour  for 
which  a  regional  annual  operating  cast  could  be  com¬ 
puted,  defined  as: 

ni/D  _  (vit)  (Qi a) 

Unit  min  — - .,7^7 - 


4.16  Maximum  Standardized  Detign  Heating  Requ  irement 
Calculate  the  maximum  standardized  design  heating 
requirement,  DHRuax.  expressed  in  Btu’s  per-hour, 
tor  which  a  regional  annual  operating  cost  could  he 
computed,  defined  as: 

prrn  _ ( 4w)  (Qim) 

J-rtt  /iMAX  1  1  n 


4.17  Average  Number  of  Burner  Operating  Hour*  by 
Geographic  Region  of  the  United  Statei  for  the  Min¬ 
imum  Standardized  Detign  Heating  Requirement 
Calculate  the  average  number  of  burner  operating 
hours  by  geographic  region  of  the  United  State  for  the 
minimum  standardized  design  heating  requirement, 
BOHn-um,  defined  as: 

BOHR-mis  =  A(HLH)  (DHRmts)-B, 

where 

A  as  defined  in  4.7 

HLH  as  defined  in  4.11 

DHRuis  as  defined  in  4.15 

B  as  defined  in  4.7 


4.18  Average  Number  of  Burnet  Operating  Hours  by 
Geographic  Region  of  the  United  State t  for  the  Maxi¬ 
mum  Standardized  Design  Heating  Requirement 

Calculate  the  average  number  of  burner  operating 
hours  by  geographic  region  of  the  United  States  for  the 
maximum  standardized  design  beating  requirement, 
BOHr- max,  defined  as: 

BOHR-MAX=A(HLH)  (DHRmax)-B, 

where 

A  as  defined  in  4.7 

HLH  as  defined  in  4.11 

DHRmkx  as  defined  in  4.16 

B  as  defined  in  4.7 

4.19  Average  Annual  Fuel  Energy  Consumption  for  Gat 
or  Oil  Furnaeet  or  Boilers  by  Geographic  Region  of 
the  United  States  for  the  Minimum  Standardized 
Design  Heating  Requirement 

Calculate  the  average  annual  fuel  energy  consumption 
by  geographic  region  of  the  United  States  for  the  mini¬ 
mum  design  heating  requirement,  Er,  s-mjn,  expressed 
in  Btu’s  per  year  and  defined  as: 

Ey,  r-min  =  (Qia- Qp)  (EOHR-uii j) 

+  (8760)  (QP), 

where 

Qin  as  defined  in  4.2.32 

Qp  as  defined  in  4.2.32 

BOHr- min  as  defined  in  4.17 

as  defined  in  4.8 


Er,  s-max-  (Qin  —  Qp)  (BOHr- max) 


where 

Qin  as  defined  in  4.2.32 

Qp  as  defined  in  4.2.32 

BOH fi-MAX  as  defined  in  4.17 
8760  as  defined  in  4-8 


+  (8760)  (QP), 


4.21  Average  Annual  Auxiliary  Electrical  Energy  Can- 
tumption  for  Gas  or  Oil  Fueled  Furnace t  or  Bailers 
by  Geographit  Region  of  the  United  States  for  the 
Minimum  Standardized  Design  Heating  Requirement 

Calculate  the  average  annual  auxiliary  electrical  energy 
consumption  by  geographic  region  of  the  United  States 
for  the  minimum  design  heating,  requirement  Fas,  r. 
iun,  expressed  in  kiiowat t -hours  per  year  and  defined  as: 

Eab,  r-min=  (PE +  9 BE)  (BOHR-U in), 

where 

PE  as  defined  in  4.7 

V  as  defined  in  4,7 

BE  as  defined  in  4.7 

BOIIn-tAw  as  defined  in  4.11 

4.22  Average  Annual  Auxiliary  Electrical  Energy  Con¬ 
sumption  for  Gat  or  Oil  Fueled  Furnaeet  or  lioilert 
by  Geographic  Region  of  the  United  Slates  for  the 
Maximum  Standardized  Design  Heating  Requirement 

Calculate  the  average  annual  auxiliary  electrical  energy 
consumption  by  geographic  region  of  the  United  States 
for  the  maximum  design  heating  requirement, 

Eab, «-max=  (PE-{-yBE)(  BOH r-max)> 

where 

PE  as  defined  in  4.6 

Y  as  defined  in  4.7 

BE  as  defined  in  4.7 

BOHr. max  as  defined  in  4.11 

4.23  Average  Annual  Electric  Energy  Consumption  for 
FJDctric  Furnaces  or  Bader*  by  Geographic  Region 
of  the  United  Stales  for  the  Minimum  Standardized 
Design  Heating  Requirement 

Calculate  the  average  annual  electric  energy  consump 
tion  by  geographic  region  of  the  United  States  lor  the 
minimum  design  heating  requirement,  Er  r  min  ex¬ 
pressed  in  kilowatt-hours  per  year  and  defined  as: 


(100)  (HLH)  ( DHRutu) 

R-MIN-  -  (SFFYa_b> 


where 

100  as  defined  in  4.10 
HLH  as  defined  in  4. 11 
DHRmin  as  defined  in  4.15 
EFFYa-b  as  defined  in  4.1 

4.24  Average  Annual  Electric  Energy  Contumplion  for 
Eltctric  Furnace t  or  Boilers  by  Geographic  Rvgion 
of  the  United  States  for  the  Maximum  Standardized 
Design  Heating  Requirement 

Calculate  the  average  annual  electric  energy  con¬ 
sumption  by  geographic  region  of  the  United  States  tor 
the  maximum  design  heating  requirement,  Er,r- max 
expressed  in  kilowatt-hours  per  year  and  defined  as: 


(10 Q)(HLH)(DHRMAX), 
Eb,r- max-  (EFFYa-b) 

when 

100  as  defined  in  4.10 

HLH  as  defined  in  4.11 
DURiAxx  as  defined  in  4.10 
EFFYa-b  as  defined  in  4.1 
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Table  I 

Faeeor*  Describing  Air  Plow  Rate  for  Ha*  and  0l»  -Mr«  Curn-rer 
ot  Boilers  Utlllalng  Indoor  Air  for  Combustion  anr  i*rer»  Conrroi 


Units  Without  i 
but  ' 

Draft  flood  or 

Type  of  Burner  Draft  Diverter 

a  Stack  Damper 
with 

Barometric  Draft  Control 

Units  With  i 

an 

Draft  Hood  or 
Dtaft  Diverter 

>  Slack  Hamper 

10 

Barometric  Draft  Control 

t  Zi  S/F  °r  Ds 

Dr  °S 

L«  #  S/F  0p  0S 

"Svs- 

fem#  S/F  0^  0^ 

Atmospheric  l  2.4  1.0  1.0 

Power  2  2.4  0.3  0  85 

J  1.4  1.0  1.0 

*  1  4  .10  0.  70 

5  2.4  -  0 

o 

h  2.4 - 0 

o 

7  14  —  n 

o 

8  14  —  fl  10  1  ft 

o 

The  above  factors  were  developed  by  the  National  Bureau  of  Standards 
and  are  based  upon  Information  in  the  public  literature,  laboratory 
and  computer  simulation  studies  conducted  al  NBS ,  and  laboratory 
and  field  data  obtained  by  several  research  firms  under  contract 
to  NBS  and  FEA. 


Table  2 


Factors  Describing  Air  Flow  Rates  for  Gas  or  011-Flrad  Fumacea/Bollara 
intended  for  Installation  Out-Of-Doora  or  Intended  for  Indoor  Installation 
Rut  Equipped  with  a  direct  vent  system. 


i 

rype  jf  Burner 

Unlta  Without  A  Stack 

Or  Flue  Damper  « 

Outdoor  Unlta  With  a 
Ot  Indoor  Units  With 

Flue  Damper 
a  Stack  Damper 

Type  of  Draft 

S/F  | 

System# 

nF 

System# 

°F 

Nona 

1 

srmoaphere 

9 

1  .00 

11 

°o 

barometric 

damper 

1  * 

Power 

10 

0.30 

12 

0.30  x 

0 

draft  diverter 

2  4 

The  above  factors  were  developed  by  the  National  Bureau  of  Standards 
and  are  based  upon  Information  In  the  public  literature,  laboratory 
and  computer  simulation  studies  conducted  at  NBS,  and  laboratory 
and  field  data  obtained  by  several  research  firm*  under  contract 
to  NBS  and  ERA. 
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